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Abstract. The article provides a description and the possibility of using methods for optimizing the 
basic characteristics of the injection of electro-hydraulic injectors, which will allow more accurate 
correction of the injection by the control unit and improve the quality of the entire system, relying on 
existing patent methods of individual correction, as well as reduce labor costs for adjustment. 
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Аннотация. В статье приводится описание и возможность использования методов 
оптимизации базовых характеристик впрыска электрогидравлических форсунок, что позволит 
более точно производить коррекцию впрыска блоком управления и улучшит качество работы 
всей системы, опираясь на существующие патентные способы индивидуальной коррекции, а 
также уменьшатся трудозатраты на регулировку. 
 

Modern fuel supply systems are capable of up to eight injections per cycle, 
with each separate fuel supply having its own function (Figure 1): preparation for 
ignition (1), formation of the leading edge of the characteristic (2), main fuel supply 
(3), subsequent supply for afterburning of combustion products (4), injection at the 
exhaust stroke for warming up (cleaning) the catalyst and particulate filter (5) [1].  

 
Fig. 1. Injection characteristic of FDS with multi-injection 

 
Accurate control of fuel injection into each cylinder, as well as ensuring 

optimal workflow in different operating modes and calibration of the control unit 
for a specific fuel supply system can be achieved by forming individual injection 
characteristics for each injector. The resulting characteristic is then entered into the 
electronic engine control unit. 

Each nozzle, due to technological tolerances and operational wear, has a 
different map of characteristics in terms of the amount of fuel injection. To ensure 
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the identity of the cyclic supply of different injectors, manufacturing plants, based 
on the measured map of injection characteristics, arrange them into certain classes 
and assign each injector an individual code, which is later entered into the engine 
control unit. These codes (injection characteristics) are applied in the form of an 
inscription, barcode or QR code on the injectors themselves, and the information 
can also be stored using chips built into the injector.  

Optimization (adaptation of the ECU) is carried out by various methods and 
devices. In one of the methods (Figure 2a), the correction is made using a 
quantitative correction map known as IMA (individual injector performance 
correction) [2]. The method is as follows: the injection time is corrected in the 
control unit depending on the nominal map of characteristics for each injector as a 
function of the set value on the pressure in the rail, thereby approximating the 
required amount of fuel as close to the nominal value as possible. 

 
a) 1 - nominal map; 2 - corrective map; b) 5, 6, 7, 8 - measured points; 9 - average characteristics ti; 

10 - the actual field of characteristics at various pressures. c) 11 - the frequency of rotation of the 
crankshaft as a result of injection; 12 - change of speed with MFMA; 13 - speed change without 

MFMA 
Fig. 2. Correction schemes 

 
There is also a method based on individual adaptation of the injector injection 

time based on the connection between the IIC (individual injector correction) and 
MFMA (minimum fuel mass adaptation) methods [3].  

Figure 2b shows the actual fields of the injection characteristics ti for various 
pressures fup 1, fup2, fup 3 and fup 4, and averaged ones calculated using the IIC 
method. The correction is carried out on a test bench at four measurement points. 

Using the MFMA method, at a certain load mode, small injections are made 
into the cylinder and, depending on the change in the crankshaft speed, the required 
duration of the control pulse is calculated. Corrective variables (cycle feed) are 
generated individually for each tested injector throughout the entire field of 
characteristics. Figure 2c shows the change in the crankshaft speed with (12) and 
without (13) MFMA 13. The change in the angular speed of the crankshaft 11 as a 
result of injection. Period 12 shows the change in speed in the power phase with 
MFMA. 

Analysis of existing optimization methods is the most effective method using 
individual nozzle correction (IIC) and minimum fuel mass adaptation (MFMA). 
Taking this method as a prototype, it is necessary to create a device and method that 
allows testing and adapting injectors of any manufacturer, training the electronic 
control unit to optimize injection, while taking into account the current wear during 
the service life. 
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