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CONTROL OF UNINTERRUPTIBLE POWER SUPPLY SYSTEM WITH MINIMIZATION OF
FUEL CONSUMPTION

E.S.Pichkalev,  Yu.S.Yamnenko, DrSc, Prof.,
National technical university of Ukraine “Kiev polytechnic institute”,
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Conditions to minimize fuel consumption in uninterruptible power supply with diesel generator at variable load are
obtained. Estimation of fuel consumption at acceleration and braking stages of diesel generator was executed taking
into account the cost of battery charge. Minimization of fuel consumption required for the transition process is achieved
by adjusting the position of the fuel valves. Minimization of fuel consumption is shown for diesel generator HATZ
1D90-Supra. Reference 3, figures 2.
Key words: storage battery, uninterruptible power supply, fuel consumption, diesel generator.

Introduction. Uninterruptible power supply systems (UPSS) based on using multiple uninterruptible power
supply (UPS) additionally to power network in common scheme allow to provide reliable power supply for the loads
[1]. The most common in UPSS is combination of diesel generator (DG) and storage battery (SB) [2]. In such case
realization of control allowing the most efficient use of DG resources, i.e. minimization of fuel consumption, is an
important task.

Operation of power supply system with diesel generator. Let’s consider operation of uninterruptible power
supply  system  with  DG  and  SB  (Fig.  1).  Operation  steps  of  the  DG  and  SB  after  disconnecting  of  power  network

(horizontal hatching marks SB charge, angle hatching marks SB discharge
intervals).
In the moment 1t  power network voltage is reduced below acceptable level.
Then at the interval

1 2;t t  the load is supplied by SB. At the same time DG
performs all necessary actions for it’s starting. If power network voltage is
not restored to the required level, then in the moment 2t  DG starts working

and achieves necessary power oP  in the moment 3t .  At  the  same  time  SB  discharges  to  the  load  (Fig.  1).  At  next
interval 3 4;t t  DG accelerates or decelerates depending on load requirements, and SB discharges or charges

accordingly. At the last interval
4 ;t  diesel generator decelerates to some minimum value of power in order to

maintain the charge level of SB, or turns off if power network voltage appears.
At each of the considered time intervals it is important to maintain optimal work of diesel generator with

minimization of fuel consumption.
Optimal control for minimization of fuel consumption. To solve the problem of fuel consumption

minimizing let’s consider interval 3 4;t t where diesel generator accelerates and decelerates (Fig. 1). DG is described

by the equation of first order with mechanical constant  of the system "DG-synchronous generator", mP  is  the

maximum power that can be obtained at assigned value of relative fuel consumption mB P  [2, 3]. Relative fuel
consumption is described by the equation: 2 ( )m m mB P a P b P c L kW h  where the coefficients , ,a b c  are
determined by the type of diesel engine. Total fuel consumption for DG acceleration taking into account SB charge is
defined as:
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where 0T – time of transient process,  – efficiency of charge controller for SB.
Fuel consumption at DG deceleration interval is defined similarly. Dependences of fuel consumption for DG

HATZ 1D90-Supra from acceleration power (curve 1) and deceleration power (curve 2) are presented in Fig. 2. As it’s
shown on Fig. 2, curves have minimums. It allows to determine the condition of fuel consumption minimizing. To
achieve minimum fuel consumption for HATZ 1D90-Supra acceleration power should be equal 7,91 kWmP , and
deceleration power – 8,05 kWmP .

   Fig. 1
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UPSS control system defines position of fuel valve providing minimi-
zation of fuel consumption at each interval of the transient process.

Conclusion.
Conditions of fuel consumption minimization for diesel generator HATZ

1D90-Supra are obtained. Realization of these conditions in control system
allows to reduce fuel consumption by 17% at acceleration and deceleration
intervals. Control system provides minimization at all intervals of increasing or
decreasing of the load power.
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