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Final Report on Questionnaire “Soft-start”

Convenor; Mr. Enzo Tortello (Italy)

The term “soft-start” here means the starting of turbogenerators, hydrogenerators or motors via an electronic device which supplies variable frequency and/or voltage to the rotating electrical machine.

Please note that according to the technique used more specific terms like “voltage start” or “frequency start” may be encountered in literature.
The advantages of using an electronic device for starting large generators and motors are mainly: less overcurrent, less mechanical stress, less thermal stress, and less vibrations.
Additional advantages are only one supply unit to be provided for consecutive starts of several generator/motor units and shorter length of the whole machine set (e.g. large single-shaft units - gasturbine/steam turbine/turbogenerator- can not afford a starting motor).
The questionnaire does not cover more traditional starting methods which imply the use of rotating machines (i.e. pony-motors).

Answers were received  from 6 countries: Australia, Canada, Korea (two answers), Malaysia, Russia and US. 
Answers from two nations are substantially negative as there are no applications available in those countries: it is the case of Australia (only small-motor applications present ) and Canada.

Questions

Q1a Please indicate in the following table the preferred fields of applications of soft-start.

A1a. According to Korea the preferred fields of applications for soft-start are: gas turbines, large induction motors and generator/motors for pumped storage power plants. The use of soft start on some gas turbines which have a power wheel coupled to the generator is highlighted by US. In the above mentioned application the power wheel takes discharge from the gas turbine, but it is not coupled to the gas turbine. 
Typically, the generator is started with the low-voltage load commutated inverter and brought up to full speed at which time the gas turbine is started and then the generator is synchronized to the system. Soft start is also used for some motors.
According to the Canadian expert soft-start is not so common in his country . Some gas-turbines are started by air, other by hydraulic motors and the majority of large synchronous condensers use pony-motors.
According to Malaysia the introduction of gas turbine generator of bigger capacity i.e. more than 130 MW and some single shaft machines which couple directly the gas turbine and steam turbine rotor, make static starting electronic device a necessity as starting motor is no longer a practical solution.

The position of Russia is similar to the Korean one with some differences: in case of starting gas, steam and pumped storage units only the frequency start is commomnly used. In case of powerful synchronous motors, frequency start is preferred when more than two motors to be started are present at the site while in case of synchronous condensers it depends on the cost of the whole system. 
When turbogenerators are started in synchronous condenser mode, thanks to the low power involved, it could be possible even to use low voltage frequency converter which will decrease the cost significantly. Different from the Korean position is the Russian one about powerful single-shaft units as, according to the Russian expert, significant benefits can be obtained from the point of the starting process time decrease as well as from the point of start reliability increase, maintenance simplification and repair technologies modernization.

Q1b. In case of gasturbine units, please indicate the main reasons for using soft-start (i.e. black-start, maintenance, etc.).

Q.1b was answered only by the Russian expert who said that the main reasons for using soft-start in case of gasturbines were: efficiency, energy saving, black start, repair and maintenance simplification and cost decrease.

Q2. Please indicate the reasons for preferring an electronic device for starting better than the traditional ones: 2.1) technical; 2.2) economic. 

A2.1 Technical advantages

According to US, in case of motors, soft start reduces the voltage drop on the electrical system which may cause problems for other motors of the system.
According to Korea the technical advantages are: better efficiency, easier maintenance, no electrical and mechanical stresses during machine starting, more reliability and availability of the system.

The Malaysian expert reminds that  the use of the electronic device for starting large generators reduces stresses and vibrations during starting but will not completely eliminate them.
In addition the Russian expert reminds that one of strongest benefits is the opportunity of using frequency converters also during turbine and generator repair.

A2.2 Economic advantages

According to US, in case of motors, soft start reduces the power demand which can strongly impact the monthly bill of electricity.
According to one of the two Korean experts the major economic advantages are: less initial costs, less operation costs and energy saving.
For the other Korean expert, one single electronic device can soft-start more than a gas turbine, a generator/motor and a large motor, but according to him this does not always mean that an electrical device for soft-start is more economical than other starting devices such as pony motor, wound rotor motor, etc. Somebody should evaluate which one is more economical, case by case, and that is not always simple. It is necessary to think of investment, MTBF, maintenance and operating cost, starting time, etc. Major operating cost means the energy to run the rotor of pony motor during operation for instant. 

Q3. With reference to Question 2, please stress in one word the key-factors for increasing application of soft-start in the field of energy production and industry.

A3. According to one of the two Korean experts improvement of harmonics content, power factor, efficiency and cost of electronics  are key-factors.
According to the other Korean expert the soft-start solution has to show firstly economical advantage if compared with others: cost of power electronic devices should be decreased and new control technologies can be applied. Energy savings compared to conventional solutions and life extension of the soft-started machines should be calculated for invesment.
According to the Malaysian expert the key-factor of future success of soft-start device (especially in case of large static frequency drives of the LCI type) should be a better harmonics content and a consequence better quality of supply to other consumers connected in the same circuit.
According to the Russian expert flexibility, possibility of using only one frequency converter for starting more sets, cost of power electronics are the most important issues while harmonics content and power factor are problems for discussion.

Q4. For the more common devices indicate the preferred circuit/system solutions.

Question 4 received a specific answer only from Russia.
Russian practice suggests the use of two frequency converters if the number of sets is greater than two just for reliability. As far as supply of frequency converters are concerned, Russia often uses auxiliaries transformer, but it is possible to use special matching transformer as well.  

Q5. For the more common devices please indicate disadvantages /impact both on the generators/motors and on the network or other plant components.

A5 received a specific answer only by the Russian expert, who specified that practically there was no impact on generator (see also a paper presented by Bob Fenton US at Cigré Session in 1996).On the contrary there is some impact on the auxiliaries supply and it is necessary to take care on all control and measuring devices supplied from the same source.

Q6. With reference to Q.6 please give details about impact of the harmonic content: is the effect of the harmonic content mitigated for instance by harmonics filters i.e.?

A6 did receive a specific answer only from Russia. The Russian expert specifies that theoretically the use of special filters at the input of the variable frequency converter is possible but practically, due to shortness of starting, not used.

Q7. If you keep records on failure please indicate present (P) and target (T) values for availability/reliabilty for this kind of electronic components, and state possible improvements, e.g. by means of rredundancies, recommended spares, etc.

A.7 According to both the Korean MTBF is  more than 80,000 hrs; the Russian expert agrees. 

Q8. Please give technical elements on diagnostics (on-line and off-line).

A.8 According to one of the Korean experts general computers based on/off line diagnostic using electromagnetic (RF), chemical, mechanical (vibration), acoustical sensors, AI-techniques (neural-fuzzy), telecontrol/ telesupervising via Internet, etc. are used in his own country.

The other Korean expert underlines that, generally, off-line diagnostics include more details than on-line diagnostics systems. Maintenance engineers, very often, understand which device is failed after further investigation on data from off-line diagnostics systems.

Q9. Please give elements about operational and lifecycle costs (installation cost, operational and maintenance cost, required spares) taking ito account maximum speed, speed range, regenerative braking possibility, etc. 

A.9 According to one of the Korean expert lifecycle costs are affected by: operational costs, reliability factor based availability costs, maintenance costs, initial investment, failure costs, etc. 

According to the other Korean, O&M cost includes man power, electrical power (electric energy), spare parts, space, etc.

Q.10 Please indicate, if important, for the most important combinations of device vs. application  the most relevant operation sequences and protection means.

A. 10 received a specific answer only from the Russian expert, who specified that frequency converters applications sometimes challenges changes in operation sequence as well as in protection devices tuning (variable frequency, decreased field, etc.).

Q11. Miscellaneous: Please give any other information considered important in your country about soft start.

Q11. received no answers.
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