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Abstract. The structure of Pulse load is complicated and the load characteristics is closely related to 

the work mode, in order to study the micro grid operation characteristics under pulse load and the 

different parameters of pulse load on the influence of the micro grid operation characteristics. This 

paper built a test system of diesel generator sets and pulse load and established the pulse load 

simulator, and defined the calculation formula of the voltage fluctuation under the premise of 

considering the system frequency fluctuation. Analyzed the influence law on voltage and frequency 

fluctuation , power transmission efficiency and the voltage distortion degree in different working 

mode of pulse load through changed the duty ratio, working cycle and peak power. Results show that 

the micro grid operation characteristics has a great relationship with the operation mode of pulse load, 

and different pulse load parameters on the micro grid operation characteristics of the influence law 

and degree is different. 

Introduction 

Diesel generator is an important form of mobile equipment power supply, can be used as an important 

backup power supply, but also an important power supply micro-power grid. With a small size, start 

quickly, reliable power supply, easy maintenance features. In the practical application has been 

widely used. The pulse period is usually tens or hundreds of milliseconds, the power consumption is 

not stable, showing a typical pulse characteristics, with a low average power, Peak power of the 

characteristics of large. Different from the single load at start and stop, the pulse load not only has an 

impact on the power supply at start-up and shutdown, but also in the normal operation, the power line 

is repeatedly loaded and unloaded due to the power mutation. Of the change, thus affecting the power 

output characteristics. 

In the study of microgrid system with pulse load, the working mechanism of pulse load is studied in 

[1], and three kinds of pulse load structures which can be used for experimental analysis are designed, 

which lays the foundation for carrying out pulse load test and theoretical research. [2] An integrated 

power system with pulse load is established, and the influencing factors of system steady state are 

analyzed by simulation. In the literature [3], a single small-capacity generator in the ship's power 

system is used as the research background. The system voltage and current are analyzed by modeling 

and simulation. [4] The active control of the microgrid under pulsed load is studied. In view of the 

overcurrent phenomenon that may occur in the diesel power supply system, the method of improving 

the stability of the system through the reasonable energy storage control is put forward. The influence 

of the pulse load on the AC voltage and frequency is analyzed in the literature [5]. However, the 

above documents are based on the establishment of pulse load simulation model to analyze the pulse 

load on the impact of diesel generating units, not taking into account the actual output characteristics 

of diesel generating units by the running time of the heat a greater impact, and the governor and 

excitation The output voltage of the voltage regulator and the output voltage of the controllable 

rectifier are affected by the actual operating conditions, and there is a certain deviation from the 

simulation results under the ideal conditions. The above documents are not related to the pulse load in 

different operating modes, that is, the parameters of the pulse load Ratio D, duty cycle TS, peak 

power PL) changes on the operating characteristics of diesel generators for a detailed study of the 
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law
[6]

. In order to study the effect of pulse load on the operating characteristics of microgrid, this 

paper takes the diesel generator - pulse load test system as the research object, according to the 

characteristics of pulse load to establish a pulse load simulation device, and according to different 

micro-grid operating parameters given The corresponding definition formula, focusing on the pulse 

load in different modes of operation on the microgrid operating characteristics of the law of a detailed 

study[7]. 

Experimental System Structure and Principle 

The test system consists of a single diesel generator and pulse power load simulation device. System 

equivalent circuit shown in Fig. 1, where the electronic governor in accordance with the system in 

real time to adjust the diesel engine power to maintain the unit output frequency stability, automatic 

voltage regulator (AVR) control diesel generator output voltage stability, controllable rectifier 

adjustment The system DC side of the output voltage is maintained at the set value of 500V, the 

system uses LC passive filter, DC switch off by the external trigger signal control, pulse pulse can be 

set to adjust the pulse load mode of operation. In this power supply system, the diesel generator set as 

a DC power supply to the pulse load. Pulse load simulation device consists of rectifier cabinet, DC 

switchgear, DC load cabinet. The control panel of the rectifier cabinet can set the DC output voltage, 

open loop or closed loop mode, the display can display the AC side voltage, current, power average 

and DC side voltage, current real time value; DC switchgear touch screen can be set to DC switch on 

and off, the duty cycle TS, duty cycle D, the display can display the DC voltage, current peak; DC 

load cabinet control panel can be set cabinet alarm temperature , Load the number of groups, each 

load 10kW, a total of 10 groups, you can set the pulse load peak power between 10kW-100kW, the 

display can display the real-time cabinet temperature, load power. In the test system, the rated power 

of the diesel engine is 50kw, the rated speed is 1500r / min, the electronic speed control; synchronous 

generator is a three-phase brushless synchronous generator with a pole pair number of 2, rated 

capacity of 72.5kVA, power factor of 0.8 , Using MX321 type excitation voltage regulator. The rated 

output line voltage of the unit is 400V and the output frequency is 50Hz. Pulse load flat-wave 

reactance L is 0.125mH, filter capacitor C is 4000μF, the experimental data collected by the DL850 

oscilloscope, sampling frequency of 20000Hz. 

 

Fig. 1.diesel generator –pulse load equivalent circuit diagram 
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Test Results and Analysis 

Simulation Results and Analysis 

 
a Output frequency waveform of diesel generator set            b DC side load voltage and current waveform  

 
c Diesel engine voltage distortion rate                            d Diesel generator output three - phase current waveform 

Fig. 2. pulse load in a specific mode when the electrical quantity waveform 

Fig.2 shows the peak power of 50kW, the output duty cycle of 0.4, the duty cycle of 56ms pulse load 

filter capacitor 4000uF when the voltage and current, frequency, voltage distortion rate of the 

waveform, the waveform can be seen, the current Continuous pulse-like, when the line current output, 

the DC voltage decreases, and when there is no output current in the line, the DC voltage increases; 

And because of the periodic fluctuation of the pulse load, the frequency of the diesel generator will 

fluctuate slightly in the vicinity of a certain fixed value. It can be seen from Figure c that the voltage 

distortion during the pulse load is very serious and the distortion amplitude fluctuates Big. And the 

distortion of the voltage will have a certain impact on the efficiency of diesel engine power 

transmission. 

In order to further study the influence of pulse load on the voltage fluctuation, frequency 

fluctuation, power transmission efficiency and voltage distortion rate of the microgrid, the duty cycle, 

duty cycle and peak power of the pulse load were changed to analyze the influence of the pulse load 

parameters on the above evaluation index. 

Influence of Duty Cycle on Dynamic Characteristics of System 

Table 1 System dynamics when changing the duty cycle (P50_T56) 

D Δf/% Udc/V δu/% Pdc/KW η/% 

0.1 1.31 501.8 10.32 4.50 90.1 

0.3 2.91 491.5 16.93 11.85 79.6 

0.5 5.21 499.2 20.38 21.03 84.5 

0.7 3.57 486.7 15.38 30.83 88.4 

0.8 1.79 487.1 12.51 36.04 91.2 

1.0 0.21 495.6 1.37 45.93 92.1 

Table 1 to change the duty cycle when the dynamic characteristics of the system can be seen from 

Table 1, only to change the duty cycle, the diesel generator output frequency and DC voltage average 
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in the vicinity of the rated value of small fluctuations and pulse load power consumption As the duty 

cycle increases linearly. And the change of duty cycle has little effect on the power transmission 

efficiency. When the duty cycle is small (about less than 0.5), the voltage fluctuation increases with 

the increase of duty cycle, when the system load increases, the load power increases with the duty 

cycle increases, the diesel generator When the duty cycle is larger (about greater than 0.5), the voltage 

fluctuation decreases with the increase of the duty ratio. At this time, as the duty ratio increases, the 

pulse load average power Gradually increases, the average load power is close to the power capacity, 

due to increased load current caused by the impact of the pulse load on the unit to reduce the impact. 

The Impact of The Duty Cycle on The Dynamic Characteristics of The System 

Table 2. System dynamics when changing the duty cycle (P50_D40) 

 

 

 

 

 

 

 

 

 

                                  

Table3.Systemdynamics when changing peak power (D40-T56) 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Table 2 shows the dynamic characteristics of the system when the duty cycle is changed. As can be 

seen from Table 2, with the increase of duty cycle, the output frequency of diesel generator is not 

changed as a whole, but the frequency fluctuation is very significant, It can be seen from the table that 

the frequency fluctuation rate increases with the increase of the duty cycle of the load, because the 

increase of the voltage fluctuation increases with the increase of the pulse load working time, which 

leads to the increase of the frequency fluctuation. In the case of constant duty cycle, increasing the 

duty cycle of the pulse load is equivalent to increase the working time of the pulse load, thus the 

greater impact on the unit excitation voltage regulator, and the increase in the cycle will lead to the 

number of cycles per unit time Reduce, so from the table can be seen that the pulse power 

consumption of the average power change is not. And the increase of the working time due to the 

increase of the working time leads to the increase of the peak power, which requires the capacitor to 

supply more power. Therefore, the time of the charge of the pulse-gap generator is correspondingly 

longer, which is equivalent to that of the AC-side high-power load. The voltage fluctuation rate 

increases with the increase of the duty cycle. 

Influence of Peak Power on Dynamic Characteristics of System 

Table 3 shows the dynamic characteristics of the system when the peak power is changed. It can be 

seen from Table 3 that changing only the peak load of the pulse load is equivalent to changing the 

average power of the pulse load, so the change is the same as changing the duty cycle , The load 

power consumption and the frequency fluctuation rate increase linearly with the peak load of the 

Ts/ms Δf/% Udc/V δu/% Pdc/kw η/% 

10 0.53 497.4 9.73 17.11 85.5 

30 1.84 490.7 13.35 17.42 87.1 

56 3.58 493.7 18.54 17.92 89.6 

80 6.31 478.2 22.34 18.45 92.3 

100 6.58 497.5 24.59 18.33 91.7 

Pl/kw Δf/% Udc/V δu/% Pdc/kw η/% 

10 1.28 502.5 4.92 3.66 91.46 

30 3.01 503.1 13.25 9.99 83.24 

50 4.68 493.7 18.54 16.27 81.35 

70 6.34 482.4 22.53 19.45 69.57 

80 7.13 483.3 23.48 19.84 61.87 
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pulse load. When the peak power is changed, the output frequency and the DC voltage of the diesel 

engine are basically stable, and the voltage fluctuation is very significant. The larger the peak power, 

the greater the voltage fluctuation is because the actual power of the load increases when the peak 

power increases Large, resulting in a more intense pulse load in the system, so the diesel generator 

output voltage by the load current changes greater impact. 

Conclusion 

In the diesel generator - pulsed load test system, by comparing the influence of pulse load on the 

running characteristics of the system under different working modes, the following conclusions are 

obtained: 

1) pulse load operation will produce DC voltage fluctuations and AC frequency fluctuations, and 

its changes with the work cycle, the peak power showed a monotonically increasing relationship 

between the change, and the relationship between the duty cycle is more complex, when the duty 

cycle is about 0.5 when the voltage And the frequency of the most serious fluctuations; 

2) micro-grid power transmission efficiency and pulse load duty cycle,The relationship between 

the work cycle is not great, the correlation with the peak power is the largest, and the higher the peak 

power, the lower the power transmission efficiency; 

3) The voltage distortion of microgrid is related to duty cycle, duty cycle and peak power, and the 

voltage distortion rate is positively correlated with duty cycle and peak power, and negatively 

correlated with working cycle. 
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