TOSHIBA

Industrial Inverter

(For 3-phase induction motors)

Instruction Manual

tosvert™ VF-S11

1-phase 240V class 0.2 to 2.2kW
3-phase 240V class 0.4 to 15kW
3-phase 500V class 0.4 to 15kW
3-phase 600V class 0.75 to 15kW

NOTICE
1.Make sure that this instruction manual is delivered to the
end user of the inverter unit.
2.Read this manual before installing or operating the inverter
unit, and store it in a safe place for reference.
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B Errata sheet

This Errata sheet is applied since the software version V116/117.

1. Page 54, 57, 58, 60, 63
The following new functions are added.

Title Function Adjustment range Default setting
F 205 | Analog input filter 0 - 5 (small - big) 4
£3:9 IFikrﬁigieneratlve over-excitation upper 100 - 160 140
0: Setting acceleration
_— . . time
F 355 | Canceling mode of stall prevention 1: Shortest acceleration 0
time
- < | PWM carrier frequency at low
Lt -
FYEZ speed 1.0 - 11.0 (kHz) 3.0
- - N . ) 0: Disabled
I} T
F 457 | Limiting function of starting current 1 Enabled 1
0: Deselect
1: Select
(When the input power
becomes off, the drive
cCoT ) memorizes the motor 0 (AN, WP)
F & 42 | Thermal memory selection and the drive thermal 1 (WN)
state. When the power
comes back, the drive
starts at the memorized
thermal state.)
d axis inductance
coox _
FH i (for PM drive) 0.00 - 650.00 0.00
o | Cancel frequency of stall | 0.0 : Deselect 0.0
72 7| prevention(for PM drive) 0.1(Hz) - F X )
2. Page 58
The adjustment range of following parameter is changed.
Title Function Adjustment range Default setting
Y Maximum voltage adjustment o
FH35 | coefficient 90 - 120 (%) 104
3. Page 51
The default setting of following functions are changed.
Title Function Adjustment range Default setting

This value is adjusted
for the optional
frequency meter
QS-60T.

Fn FM terminal meter adjustment -
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4. Page 67

The following new functions are added.

Function Code Function Action
No.
6 | STepusst | Somoinaton of sandoy foware un | O Sl o
| somesst | Somonaton of sandoy veverse n | O Sl o
o | sTepussz | Somonaton of sandoy frvare n | O Siulanecys o
9 | sTomesse | Somonaton of sendoy veverse un | O Sl o
10 | sTerassa | Combnaton of sandoy frvere n | O Smulneays o
1| STemissa | Sapbinaten of sty veverse n | O Simutaneots o
2| sTerasss | Combnaton of sandoy foruers n | O Sl o
12| STeRisss | Sapbinaton of sy veerse n | O Simutanaous o
74 ST+F+JOG aCr?(;‘r}t(;Ez:Ltjign of standby, forward run forglm g[ngltaa:;aLgGinput
75 ST+R+JOG g:(ﬂt;ig;]?ltjign of standby, reverse run gg\lm g?;lt::(?c;uoseinput

5. Page 52

(Related model is only WP model)
“F' " default setting was changed. (F £ =2 —F £ =0)

In case you use

F & =2 (Automatic torque boost control),

Please change “F £ from “0” to “2”.

Title

Function

Adjustment range

Default setting

0: V/F constant

1: Variable torque

2: Automatic torque
boost control

3: Vector control
4: Energy-saving
5: Dynamic energy-
saving
(for fans and pumps)
6: PM motor control

o
-

V/F control mode selection
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“wp

6. The specification of “F 3 I 7 : Supply voltage correction” was modified.
In case of & 3 {J 7=0 [ Supply voltage uncorrected, output voltage limited]

. Input . Input
wiw A voltage wiw A voltage
X Input High Input ¢ High
Rated voltage © voltage ™, voltage *,
: Low Low
52 = 89
&g &g
o - o -
v \%]
» »
0 > 0 >

Output frequency Output frequency
before modification after modification

In case of ~ 3 [} 7=2 [ Supply voltage uncorrected, output voltage unlimited]

Input Input
A e, VOItage A e, VOltage
; “. A High ) . A High
Input ~ / / Input ; :
Rated voltage * voltage \ v Low voltage | Y Low
52 = &9
g2 g%
o -~ ® =
I\ ™
0 > 0 >
Output frequency Output frequency
before modification after modification

-End -
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|. Safety precautions

The items described in these instructions and on the inverter itself are very important so that you can use the
inverter safely, prevent injury to yourself and other people around you as well as to prevent damage to property in
the area. Thoroughly familiarize yourself with the symbols and indications shown below and then continue to read
the manual. Make sure that you observe all warnings given.

Explanation of markings

Marking Meaning of marking

<

Danger Indicates that errors in operation may lead to death or serious injury.

A

. Indicates that errors in operation may lead to injury (*1) to people or that these errors may
Warnmg cause damage to physical property. (*2)

(*1) Such things as injury, burns or shock that will not require hospitalization or long periods of outpatient

treatment.

(*2) Physical property damage refers to wide-ranging damage to assets and materials.

Meanings of symbols

Marking

Meaning of marking

Indicates prohibition (Don't do it).
What is prohibited will be described in or near the symbol in either text or picture form.

(1]

Indicates something mandatory (must be done).
What is mandatory will be described in or near the symbol in either text or picture form.

&2

Indicates danger.
What is dangerous will be described in or near the symbol in either text or picture form.

A

Indicates warning.
What the warning should be applied to will be described in or near the symbol in either text or picture form.

B Limits in purpose

This inverter is used for controlling speeds of three-phase induction motors in general industrial use.

7

/\ Safety precautions

v The inverter cannot be used in any device that would present danger to the human body or from which
malfunction or error in operation would present a direct threat to human life (nuclear power control
device, aviation and space flight control device, traffic device, life support or operation system, safety
device, etc.). If the inverter is to be used for any special purpose, first get in touch with the supplier.

W This product was manufactured under the strictest quality controls but if it is to be used in critical
equipment, for example, equipment in which errors in malfunctioning signal output system would cause
a major accident, safety devices must be installed on the equipment.

v Do not use the inverter for loads other than those of properly applied three-phase induction motors in
general industrial use. (Use in other than properly applied three-phase induction motors may cause an

accident.) 4
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B General Operation
@ Danger See item
* Never disassemble, modify or repair. 2.
This can result in electric shock, fire and injury. For repairs, call your sales distributor.
Disassembly
prohibited
« Never remove the front cover when power is on or open door if enclosed in a cabinet. 21
The unit contains many high voltage parts and contact with them will result in electric shock.
» Don't stick your fingers into openings such as cable wiring hole and cooling fan covers. 2.
This can result in electric shock or other injury.
Prohibited « Don't place or insert any kind of object into the inverter (electrical wire cuttings, rods, wires etc.). | 2.
This can result in electric shock or fire.
« Do not allow water or any other fluid to come in contact with the inverter. 2.
This can result in electric shock or fire.
« Turn power on only after attaching the front cover or closing door if enclosed in a cabinet. | 2.1
If power is turned on without the front cover attached or closing door if enclosed in a
cabinet, this can result in electric shock or other injury.
0 o If the inverter begins to emit smoke or an unusual odor, or unusual sounds, immediately 3.
turn power off.
Mandatory If the equipment is continued in operation in such a state, the result may be fire. Call your
local sales agency for repairs.
« Always turn power off if the inverter is not used for long periods of time since there is a 3.
possibility of malfunction caused by leaks, dust and other material. If power is left on with
the inverter in that state, it may result in fire.
A Warning See item
« Do not touch heat radiating fins or discharge resistors. 3.
These device are hot, and you'll get burned if you touch them.
Prohibited
contact
« Avoid operation in any location where there is direct spraying of the following solvents or 144
other chemicals.
The plastic parts may be damaged to a certain degree depending on their shape, and
® there is a possibility of the plastic covers coming off.
If the chemical or solvent is anything other than those shown below, please contact us in
Prohibited advance.

(Table 1) Examples of applicable chemicals (Table 2) Examples of unapplicable
and solvents chemicals and solvents

Acetic acid (density of 10% or less) Acetone

Hydrochloric acid (density of 10% or less) Benzene

Sulfuric acid (density of 10% or less) Chloroform

Sodium chloride Ethylene chloride

Hexane Ethyl acetate

Triethylene glycol Glycerin
Tetrachloroethylene
Trichloroethylene
Xylene
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M Transportation & installation
@ Danger See item
e Do not install or operate the inverter if it is damaged or any component is missing. 144
This can result in electric shock or fire. Please consult your local sales agency for repairs.
® Call your local sales agency for repairs.
« Do not place any inflammable objects nearby. 144
Prohibited If a flame is emitted due to malfunction, it may result in a fire.
¢ Do not install in any location where the inverter could come into contact with water or 2.
other fluids.
This can result in electric shock or fire.
e Must be used in the environmental conditions prescribed in the instruction manual. 1.4.4
Use under any other conditions may result in malfunction.
¢ Mount the inverter on a metal plate. 144
0 The rear panel gets very hot. Do not install in an inflammable object, this can result in fire.
« Do not operate with the front panel cover removed. This can result in electric shock.
Mandatory Failure to do so can lead to risk of electric shock and can result in death or serious injury. 144
e An emergency stop device must be installed that fits with system specifications (e.g. shut
off input power then engage mechanical brake). Operation cannot be stopped immediately | 1.4.4
by the inverter alone, thus risking an accident or injury.
o All options used must be those specified by Toshiba.
The use of any other option may result in an accident. 14.4
A Warning See item
* When transporting or carrying, do not hold by the front panel covers. 2.
® The covers may come off and the unit will drop out resulting in injury.
« Do not install in any area where the unit would be subject to large amounts of vibration. 1.4.4
Prohibited That could result in the unit falling, resulting in injury.
e The main unit must be installed on a base that can bear the unit's weight. 1.4.4
If the unit is installed on a base that cannot withstand that weight, the unit may fall
0 resulting in injury.
« [f braking is necessary (to hold motor shaft), install a mechanical brake. 144
Mandatory The brake on the inverter will not function as a mechanical hold, and if used for that
purpose, injury may result.
B Wiring
@ Danger See item
* Do not connect input power to the output (motor side) terminals (U/T1,V/T2,W/T3). 22
That will destroy the inverter and may result in fire.
® « Do not connect resistors to the DC terminals (across PA-PC or PO-PC). 2.2
That may cause a fire.
Prohibited Connect a resistor in accordance with 6.13.4.
o Within ten minutes after turning off input power, do not touch wires of devices (MCCB) 2.2

connected to the input side of the inverter.
That could result in electric shock.
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@ Danger See item
o Electrical installation work must be done by a qualified expert. 21
Connection of input power by someone who does not have that expert knowledge may
result in fire or electric shock.
« Connect output terminals (motor side) correctly. 21
If the phase sequence is incorrect, the motor will operate in reverse and that may result in
injury.
* Wiring must be done after installation. 21
If wiring is done prior to installation that may result in injury or electric shock
0 e The following steps must be performed before wiring. 2.1
(1) Turn off all input power.
Mandatory (2) Wait at least ten minutes and check to make sure that the charge lamp is no longer lit.
(3) Use a tester that can measure DC voltage (800VDC or more), and check to make sure
that the voltage to the DC main circuits (across PA-PC) is 45V or less.
If these steps are not properly performed, the wiring will cause electric shock.
« Tighten the screws on the terminal board to specified torque. 21
If the screws are not tightened to the specified torque, it may lead to fire.
e Check to make sure that the input power voltage is +10%, -15% of the rated power 1.4.4
voltage written on the rating label (+10% when the load is 100% in continuous operation).
If the input power voltage is not +10%, -15% of the rated power voltage (+10% when the
load is 100% in continuous operation) this may result in fire.
* Ground must be connected securely. 21
9 If the ground is not securely connected, it could lead to electric shock or fire when a 22
malfunction or current leak occurs.
Be Grounded
A Warning See item
« Do not attach equipment (such as noise filters or surge absorbers) that have built-in 21
® capacitors to the output (motor side) terminals.
That could result in a fire.
Prohibited
B Operations
@ Danger See item
« Do not touch inverter terminals when electrical power is going to the inverter even if the 3.
motor is stopped.
Touching the inverter terminals while power is connected to it may result in electric shock.
® « Do not touch switches when the hands are wet and do not try to clean the inverter with a 3.
damp cloth.
Prohibited Such practices may result in electric shock.
* Do not go near the motor in alarm-stop status when the retry function is selected. 3.
The motor may suddenly restart and that could result in injury.
Take measures for safety, e.g. attaching a cover to the motor, against accidents when the
motor unexpectedly restarts.
e Turn input power on after attaching the front cover. 3.
When installed inside a cabinet and using with the front cover removed, always close the
0 cabinet doors first and then turn power on. If the power is turned on with the front cover or
the cabinet doors open, it may result in electric shock.
Mandatory | o Make sure that operation signals are off before resetting the inverter after malfunction. 3.

If the inverter is reset before turning off the operating signal, the motor may restart
suddenly causing injury.
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1.4  Notes on the application

1.4.1 Motors

When the VF-S11 and the motor are used in conjunction, pay attention to the following items.

A Warning

Use an inverter that conforms to the specifications of power supply and three-phase induction motor
being used. If the inverter being used does not conform to those specifications, not only will the three-

Mandatory phase induction motor not rotate correctly, but it may cause serious accidents through overheating and
fire.

Comparisons with commercial power operation.
The VF-S11 Inverter employs the sinusoidal PWM system. However, the output voltage and output
current are not perfect sine waves, they have a distorted wave that is close to sinusoidal waveform.

This is why compared to operation with a commercial power there will be a slight increase in motor
temperature, noise and vibration.

Operation in the low-speed area

When running continuously at low speed in conjunction with a general purpose motor, there may be a
decline in that motor's cooling effect. If this happens, operate with the output decreased from rated
load.

To carry out low-speed operation continuously at the rated torque, we recommend to use a inverter
rated motor or a forced cooled motor designed for use with an inverter. When operating in conjunction

with a inverter rated motor, you must change the inverter's motor overload protection level to VF motor
use (JL 7).

Adjusting the overload protection level
The VF-S11 Inverter protects against overloads with its overload detection circuits (electronic thermal).
The electronic thermal's reference current is set to the inverter's rated current, so it must be adjusted in
line with the rated current of the general purpose motor being used in combination.

High speed operation at and above 60Hz
Operating at frequencies greater than 60Hz will increase noise and vibration. There is also a possibility

this will exceed the motor's mechanical strength limits and the bearing limits so you should inquire to
the motor's manufacturer about such operation.

Method of lubricating load mechanisms

Operating an oil-lubricated reduction gear and gear motor in the low-speed areas will worsen the

lubricating effect. Check with the manufacturer of the reduction gear to find out about operable gearing
area.
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Low loads and low inertia loads
The motor may demonstrate instability such as abnormal vibrations or overcurrent trips at light loads of
50 % or under of the load percentage, or when the load's inertia moment is extremely small. If that
happens reduce the carrier frequency.

Occurrence of instability
Unstable phenomena may occur with the load and motor combinations shown below.
Combined with a motor that exceeds applicable motor ratings recommended for the inverter
Combined with special motors
For 600V class or 500V class with long cable
To deal with the above lower the settings of inverter carrier frequency.
Combined with couplings between load devices and motors with high backlash
When using the inverter in the above combination, use the S-pattern acceleration/deceleration function,
or when vector control is selected, adjust the speed control response/stability factor or switch to V/f
control mode.
Combined with loads that have sharp fluctuations in rotation such as piston movements
In this case, adjust the response time (inertial moment setting) during vector control or switch to V/f
control.

Braking a motor when cutting off power supply
A motor with its power cut off goes into free-run, and does not stop immediately. To stop the motor
quickly as soon as the power is cut off install an auxiliary brake. There are different kinds of brake
devices, both electrical and mechanical. Select the brake that is best for the system.

Load that produces regenerative torque
When combined with a load that produces regenerative torque, the overvoltage or overcurrent
protection function may be activated to trip the inverter. For this kind of situation, you must install a
dynamic braking resistor that complies with the load conditions, or increase deceleration time.
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Braking motor
When using a braking motor, if the braking circuit is directly connected to the inverters's output
terminals, the brake cannot be released because of the lowered starting voltage. Therefore, when
using a braking motor, connect the braking circuit to the inverter's power supply side, as shown in the
figure below. Usually, braking motors produce larger noise in low speed ranges.

Note: In the case of the circuit shown on the below, assign the function of detecting low-speed signals
to the RY and RC terminals. Make sure the parameter £ ! 3 [ is set to 4 (factory default

setting).
Non-excitation activation
(type brake )
MC2
o B
Power MC1
supply
F CC
Run/stop

Measures to protect motors against surge voltages
In a system in which a 500V-class inverter is used to control the operation of a motor, very high surge
voltages may be produced. When applied to the motor coils repeatedly for a long time, may cause
deterioration of their insulation, depending on the cable length, cable routing and types of cables used.
Here are some examples of measures against surge voltages.
(1) Lower the inverter’s carrier frequency.
(2) Setthe parameter £ 3 {5 (Carrier frequency control mode selection) to & or 3.
(3) Use a motor with high insulation strength.
(4) Insert an AC reactor or a surge voltage suppression filter between the inverter and the motor.

1.4.2 Inverters

Protecting inverters from overcurrent
The inverter has an overcurrent protection function. The programmed current level is set to the
inverter's maximum applicable motor. If the motor used has a small capacity, the overcurrent level and
the electronic thermal protection must be readjusted. If adjustment is necessary, see 5-13, and make
adjustments as directed.

Inverter capacity
Do not use a small-capacity (kVA) inverter to control the operation of a large-capacity motor (two-class
or more larger motor), no matter how light the load is. Current ripple will raise the output peak current
making it easier to set off the overcurrent trip.
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Power factor correction capacitor
Power factor correction capacitors cannot be installed on the output side of the inverter. When a motor
is run that has a power factor correction capacitor attached to it, remove the capacitors. This can cause
inverter malfunction trips and capacitor destruction.

um

Inverter
VIT2

WIT3

Remove the power factor correction
capacitor and surge absorber

Power factor correction capacitor

Operating at other than rated voltage
Connections to voltages other than the rated voltage described in the rating label cannot be made. If a
connection must be made to a power supply other than one with rated voltage, use a transformer to
raise or lower the voltage to the rated voltage.

Circuit breaking when two or more inverters are used on the same power line.

MCCB1 MCCB2 (circuit breaking fuse)

o

MCCBn-+1 i -
—

Breaking of selected inverter

There is no fuse in the inverter's main circuit. Thus, as the diagram above shows, when more than one
inverter is used on the same power line, you must select interrupting characteristics so that only the
MCCB2 will trip and the MCCB1 will not trip when a short occurs in the inverter (INV1). When you
cannot select the proper characteristics install a circuit interrupting fuse between the MCCB2 and the
INV1.

If power supply distortion is not negligible
If the power supply distortion is not negligible because the inverter shares a power distribution line with
other systems causing distorted waves, such as systems with thyristors or large-capacity inverters,
install an input reactor to improve the input power factor, to reduce higher harmonics, or to suppress
external surges.
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M Disposal

If an inverter is no longer usable, dispose of it as industrial waste.

1.4.3 What to do about the leak current

A Warning

Current may leak through the inverter's input/output wires because of insufficient electrostatic capacity on the motor with

bad effects on peripheral equipment.
The leakage current’s value is affected by the carrier frequency and the length of the input/output wires. Test and adopt

the following remedies against leak current.

(1) Effects of leak current across ground
Leakage current may flow not just through the inverter system but also through ground wires to other
systems. Leakage current will cause earth leakage breakers, leakage current relays, ground relays, fire
alarms and sensors to operate improperly, and it will cause superimposed noise on the CRT screen or
display of incorrect current detection with the CT.

ELCB
Power — Inverter M
supply
| @

1

ELCB Inverter
L

Leakage current path across ground =

e ~N
Remedies:
1.If there is no radio-frequency interference or similar problem, detach the built-in noise filter
capacitor, using the grounding capacitor disconnecting switch or tap. (See 1.3.2-2)
2.Reduce PWM carrier frequency.
The setting of PWM carrier frequency is done with the parameter £ 35 7.
Although the electromagnetic noise level is reduced, the motor acoustic noise is increased.
3. Use high frequency remedial products for earth leakage breakers.
. J

A-16
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(2) Affects of leakage current across lines

Thermal relays
] o Tl
Power Inverter <+ T Ik
—_—x_—— M
supply < L |
" ' -
Leakage current path across wires C

(1)  Thermal relays
The high frequency component of current leaking into electrostatic capacity between inverter out-
put wires will increase the effective current values and make externally connected thermal relays
operate improperly. If the wires are more than 50 meters long, it will be easy for the external
thermal relay to operate improperly with models having motors of low rated current (several
A(ampere) or less), especially the 500V and 600V class low capacity (3.7kW or less) models,
because the leak current will increase in proportion to the motor rating.

Remedies:

1.Use the electronic thermal built into the inverter. (See 5.13) \
The setting of the electronic thermal is done using parameter L /7, & H .

2.Reduce the inverter's PWM carrier frequency. However, that will increase the motor's magnetic
noise.
The setting of PWM carrier frequency is done with the parameter F 37 7. (See 6.12)

3.This can be improved by installing 0.1u~0.5uF - 1000V film capacitor to the input/output terminals of
each phase in the thermal relay.

u/m1

VIT2

o L] /

Thermal relays
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(2) CT and ammeter
If a CT and ammeter are connected externally to detect inverter output current, the leak current's high
frequency component may destroy the ammeter. If the wires are more than 50 meters long, it will be
easy for the high frequency component to pass through the externally connected CT and be
superimposed on and burn the ammeter with models having motors of low rated current (several
A(ampere) or less), especially the 500V and 600V class low capacity (3.7kW or less) models, because
the leak current will increase in proportion to the motor's rated current.

Remedies:

1.Use a meter output terminal in the inverter control circuit.
The load current can be output on the meter output terminal (FM). If the meter is connected, use an
ammeter of TmAdc full scale or a voltmeter of 7.5V-1mA full scale.
0-20mAdc (4-20mAdc) can be also output. (See 5.5)
2.Use the monitor functions built into the inverter.
Use the monitor functions on the panel built into the inverter to check current values. (See 8.1.1)

1.4.4 Installation

M Installation environment

The VF-S11 Inverter is an electronic control instrument. Take full consideration to installing it in the proper

operating environment.
@ Danger

¢ Do not place any inflammable substances near the VF-S11 Inverter.
If an accident occurs in which flame is emitted, this could lead to fire.
Prohibited
e Operate under the environmental conditions prescribed in the instruction manual.
0 Operations under any other conditions may result in malfunction.
Mandatory
A Warning
e Do not install the VF-S11 Inverter in any location subject to large amounts of vibration.
® This could cause the unit to fall, resulting in bodily injury.
Prohibited
e Check to make sure that the input power voltage is +10%, -15% of the rated power voltage written on
the rating label (+10% when the load is 100% in continuous operation) If the input power voltage is not
Mandat +10%, -15% of the rated power voltage (+10% when the load is 100% in continuous operation) this
andatory may result in fire.

A-18





