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Tests results of the new diagnostic method dedicated to marine high-speed diesel 

engines type MB820 fuel injection system and valve gear mechanism tuning are presented 
in the paper. These engines are not equipped with indicator valves so vibrations traces 
registered on the cylinder heads are used to assess the engine technical condition. The 
cylinder pressure sensors were connected to the decompression valves to get the reference 
signal for vibration traces, which is not a standard procedure on the MB820 engines. The 
results of the investigation are the dynamic timing parameters of the engine which could be 
used by specialists to compare engine internal processes and assess its technical condition. 

Marine diesel engine, diagnostics, tuning, fuel injector, valve gear. 
 

Introduction 
  
The new diagnostic method was tested on compact high-speed marine 

diesel engines type MB820. Typical diagnostic methods which base on the analysis 
of vibration signals amplitude or their frequency are sensitive to engine load and 
speed changes [1, 2]. The new diagnostic method is based on the envelope of 
vibration acceleration signal analysis in crank angle domain. So-called “dynamic” 
valve gear diagrams are too indispensable to perform an accurate engine tuning. 
The conventional maintenance methods for valve gear mechanism of the engine 
depend on valve clearances checks between valve stem and rocker arm and valve 
timing diagram checks on crankshaft flywheel. There are several questions to be 
answered: how to check these critical clearances without stopping the engine and 
dismantling it, how to monitor valve timing diagram on running engine and what 
the difference exists actually between “static” and “dynamic” valve timing 
diagram. Answers to mentioned questions for submarine diesel engines type 
MB820 are given in this paper. Polish Navy operates two types of submarine 
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vessels – one KILO and four KOBBEN type. Diesel generators on these ships 
consist of 4-2DŁ42M and MB820 type diesel engines (Fig. 1 and 2). 

  

 
Fig. 1. Submarines Kilo and Kobben type 
1 pav. Kilo ir Kobben tipo povandeniniai laivai 
 

 
Fig. 2. Marine diesel engine MB820 type 
2 pav. Laivų dyzelinis variklis tipo MB820 
 
Taking into account a diagnose-unfriendly construction of these types of 

engines and very restricted compartments of the submarine power plant, engines 
have to be very sound and diagnostic methods used for such objects should be 
reliable and easy to apply. The vibro-acoustic methods could be convenient for 
such systems in complex environment. This paper presents some diagnostic 
problem related information taken from tests of the MB820 type submarine high-
speed diesel engines. 

 
Object of investigation - MB820 engine basic parameters 

 
 

The MB820 is a high speed vertical four stroke diesel engine of light 
compact design [4], which operation is based on the pre-chamber combustion 
process. The pre-chamber is connected with the cylinder volume through the 
holes in the burner. The end of the engine from which the power is taken off 
(flywheel end) is designated as the rear. The term “anticlockwise” or 
“clockwise” and the numbering of the cylinders as well as the direction of 
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rotation of the crankshaft are as seen from rear. The first and the seventh 
cylinder are located at the rear therefore, and the direction of the crankshaft’s 
rotation is anticlockwise (Fig. 3). The engine has 12 cylinders those are 
arranged in two banks inclined at an angle of 60o to one another. Each cylinder 
has 2 inlet and 2 exhaust valves, the operation of which is controlled by a 
camshaft common to both cylinder banks, by means of tappets, push-rods and 
rocker arms. 

 

Table 1. MB 820 type diesel engine general technical data. 
1 lentelė. Bendri MB 820 tipo dyzelinio variklio techniniai duomenys. 
1 Working cycle Four stroke, not turbocharged  
2 No. of cylinders 12 in “V” 
3 Cylinder bore/Piston stroke 175 mm/205 mm 
4 Total displacement volume 59.2 liters 
5 Injection system Diesel pre-chamber 
6 Compression ratio 18,5 : 1 
7 Full load max. speed/ Idling speed 1400 rpm / 600 rpm 
8 Continuous output at 1400 rpm 600 HP 
9 Firing order 1-8-5-10-3-7-6-11-2-9-4-12 
10 Inlet/Exhaust valve clearance when 

cold 
0.40 / 0.45 mm 

11 Injection nozzle opening pressure 170 – 175 kg/cm2 

12 Dry weight 3710 kg 
 
The inlet ports of individual cylinders are connected to a manifold on 

each side, at the front end of which a wet air filter is mounted. The exhaust 
ports on each side lead to a water cooled exhaust manifold. The two exhaust 
manifolds are connected to the silencer. All the fuel, lubrication and cooling 
pumps necessary for operation of the engine are fitted on the engine and are 
driven from the crankshaft by means of a gear drive or V belt pulley. There are 
two injection pumps fitted on the gear case (one for each bank of cylinders) and 
the left pump carries the governor. On the right hand injection pump sits the 
fuel supply pump which is actuated by a cam arranged on the injection pump 
camshaft and is provided with a hand pump. The crankcase consists of a sturdy 
block which carries on up the cylinder head in V form. There are the gear case 
and the lugs for mounting the water-cooled exhaust silencer cast on to the 
crankcase. The cylinder liners are inserted in the top of the crankcase and 
sealed off at the top by the cylinder head. The cylinder liners are so-called wet 
liners made from centrifugal cast iron. Each of 12 cylinder heads is fastened to 
the crank-case with 8 strong studs and, at the same time, holds in the cylinder 
liners. At the bottom in the middle each cylinder head has a threaded hole for 
mounting of pre-chamber with the burner screwed into its body. Above the pre-
chamber the cooling water circuit is sealed off from the oil space by means of 
an asbestos ring, spacer and ring nut. Each cylinder head has a separate cover 
fastened by the screws. General technical data of the engine and its static tuning 
parameters are given in Table 1 and Table 2.  
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Table 2. “Static” tuning parameters of the MB820 type diesel engine.  
2 lentelė. “Statiniai” MB820 tipo dyzelinio variklio sureguliavimo parametrai. 

1 Inlet valve opens 14o  before TDC 
2 Inlet valves closes 56o  after BDC 
3 Exhaust valve opens 48o  before BDC 
4 Exhaust valve closes 19o  after TDC 
5 Valves overlap  33o 14o + 19o 

6 Start of fuel feed-in when idling 24o  before TDC 

7 
Adjustment range of automatic 
injection timer  

24o - 36o  before TDC 
 

 
The upper quoted timings apply to the cold engine only and are shown 

graphically on the Fig. 3.  
 

 
 

Fig. 3. Static fuel injection valve and valve gear timing diagrams of MB820 
type diesel engine 
3 pav. Statinės MB820 tipo dyzelinio variklio purkštuko adatos ir dujų 
skirstymo fazių nustatymo diagramos  

 
MB 820 diesel engine cylinder pressure tests 

  

For assessment of the combustion processes on the low- and medium-
speed marine diesel engines indicator valves (indicator cocks) are installed in 
the cylinder heads. Most of the high-speed marine diesel engines similarly to 
the land traction engines are not equipped with indicator valves [3] including 
the MB820 type engine. In order to install the indicator valve for measuring the 
internal cylinder pressure on MB820 engine (which is not equipped with 
indication cocks) the decompression channel was used. KISTLER pressure 
sensor type 7613B was connected in place of the decompression valve as it is 
shown on Fig. 4.  
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Fig. 4. Cylinder head with the cylinder pressure sensor passed through the 
decompression channel 
4 pav. Cilindro galvutė su dujų slėgio cilindre jutikliu, sumontuotu 
panaudojant dekompresinį kanalą  
 
Such solution can be realized on two cylinders of the V-shaped engine 

only (on cylinder number 1 in the left bank and on cylinder number 7 in the 
right bank) because of a very complicated access. Furthermore, the indicator 
valve should not be used on the engine permanently because it could endanger 
the engine, especially during the start.  

Except of this modification the engine was prepared to the test as to the 
normal operation. The big advantage of the submarine engines is that there is 
possible to operate with the fully loaded engine in the harbor without a 
necessity to go for the sea trails. It is possible because the submarine engine is 
connected directly to the generator which is loaded by the storage battery. It is 
also important that special operating conditions of the submarine enable to load 
the engine in the same range of repeatability during the next tests making it 
possible to analyze and compare registered parameters with those obtained 
previously. Measurements were taken under generator loads (amperage) 
varying from 1000 to 1800A. Results obtained during investigation of the 
cylinder pressure are shown in figures 5 and 6. From the registered pressure 
traces obtained under engine load close to the rated value (Fig. 5) it is seen that 
in cylinder number 7 the ignition starts by 2o earlier than in cylinder number 1 
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located at the opposite bank, which results in slightly higher value of maximum 
pressure. 

 

 
Fig. 5. Cylinder pressure curves in cylinders No. 1 and No. 7 measured 
under load (amperage 1800A) of diesel generator and speed of n = 1354 
rpm 
5 pav. Dujų slėgio cilindruose Nr. 1 ir Nr. 7 kitimo kreivės, išmatuotos 
dyzeliniam generatoriui išvystant 1800A srovę (apkrovą) ir sukantis n = 
1354 min-1 dažniu  
 
During idling of the engine (Fig. 6) the differences between considered 

angles of the fuel injection timing are within 0.6o value level and cylinder 
pressures in both cases are practically identical.  
 

 
Fig. 6. Cylinder pressure curves in cylinders No. 1 and No. 7 measured 
under idling performance mode n = 830 rpm of the diesel engine  
6 pav. Dujų slėgio cilindruose Nr. 1 ir Nr. 7 kitimo kreivės, išmatuotos 
dyzeliniam varikliui sukantis tuščiosios eigos n = 830 min-1 dažniu 
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As it was noted above there is no possibility to measure the internal 
cylinder pressure from the other cylinders of that type of the engine so the new 
vibro-acoustic method is elaborated for checking and tuning of the engine in 
routine every-day maintenance practice. The in-cylinder pressure traces were 
used as a reference signals for processing of the vibration signals. 
 

Vibration method used to assess engine tuning and technical condition 
 
To assess the engine tuning and technical condition on the base of 

envelope of vibration traces the values of so-called „dynamic” timing 
parameters are needed. Assessment of technical state of the diesel engine could 
be done in different loading conditions and acquired signals may be interfered with 
this phenomenon. Special filtration and envelope processing procedures has been 
applied to separate recognizable traces from vibration signals. Examples from 
vibration signals measurements taken on submarine diesel engines MB820 and 
methods of their visualization are shown on figures number 7 and 8. The most 
important parts of the vibration traces are shown in “zoom mode”. 
  

 
Fig. 7. Openings of the fuel injection valves  
7 pav. Degalų purkštukų adatinių vožtuvų atidarymo kampai  
 
The points where curves sheer goes upwards are recognized as a start of 

the fuel injection or as moments of valve openings and closings. The 
differences between the fuel injection valve’s openings presented on Fig. 7 for 
left engine bank of cylinders vary within the range of 1.75o of crankshaft 
rotation degree. The difference between the “static” openings and “dynamic” 
opening angles of the fuel injection valves reaches up to 16.5o. 

Fig. 8 presents changes in signals generated by the inlet valve openings 
in the same engine left cylinder bank. It is clear from the analysis of graphs, 
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that angles of valves openings differ in broad range by 5.5o and signals patterns 
according to the amplitude differ actually much more. 
 

 
Fig. 8. Openings of the inlet valves  
8 pav. Įsiurbimo vožtuvų atidarymo kampai 
 
By applying a new diagnostic methodology developed, almost every 

change in the engine mechanical structure will be detected by analysis of the 
vibration signals pattern sequence. Specific read out values of „dynamic” angles 
for each banks of tested engine are gathered all together and shown in Tab. 3 
and Tab. 4. 
 
Table 3. The angle values and differences in the “dynamic” timing parameters 
of the left bank of the engine operating under rated load. 
3 lentelė. Kampų reikšmės ir kairės cilindrų eilės „dinaminiai“ fazių 
sureguliavimo parametrai, varikliui veikiant vardine apkrova. 

Exhaust valve closes Inlet valve closes  
Start of fuel 

feed-in 
Inlet valve 

opens Cyl. 
No. 

α [˚] ∆α [˚] α [˚] ∆α [˚] α [˚] 
∆α 
[˚] 

α [˚] 
∆α 
[˚] 

1 -344,7 -1,2 -137,0 1,5 -1,0 0,5 309,0 0,8 

2 -341,5 2 -140,0 -1,5 -0,5 1,0 309,0 0,8 

3 -346,0 -2,5 -138,0 0,5 -1,0 0,5 306,0 -2,2 

4 -344,0 -0,5 -139,3 -0,8 -1,5 0,0 310,5 2,3 

5 -341,5 2 -137,8 0,7 -2,3 -0,8 306,5 -1,7 

6 -343,0 0,5 -139,0 -0,5 -2,5 -1,0 308,0 -0,2 

mean -343,5  -138,5  -1,5  308,2  
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Table 4. The angle values and differences in the “dynamic” timing parameters 
of the right bank of the engine operating under rated load. 
4 lentelė. Kampų reikšmės ir dešinės cilindrų eilės „dinaminiai“ fazių 
sureguliavimo parametrai, varikliui veikiant vardine apkrova. 

Exhaust valve closes Inlet valve closes  
Start of fuel 

feed-in 
Inlet valve 

opens Cyl. 
No. α [˚] ∆α  

[˚] 
α [˚] ∆α  

[˚] 
α [˚] ∆α 

[˚] 
α [˚] ∆α 

[˚] 
7 -348,0 -3,1 -139,7 0,0 -3,0 2 305,5 1,4 
8 -340,5 4,4 -139,7 0,0 -6,5 -1,5 305,0 0,9 
9 -346,5 -1,6 -139,7 0,0 -4,5 0,5 305,5 1,4 
10 -347,0 -2,1 -139,2 -0,5 -4,0 1,0 302,3 -1,8 
11 -344,0 0,9 -139,5 -0,2 -4,5 0,5 - - 
12 -343,5 1,4 -140,5 0,8 -7,5 -2,5 302,3 -1,8 

mean -344,9  -139,7  -5,0  304,1  
     

In the table 5 the specific “dynamic” and “static” timing parameters of 
the engine are presented. Differences between “static” and “dynamic” values in 
openings and closings of both inlet and exhaust valves vary from ~15o to ~40o 

degrees. There are also differences between data obtained from the left and 
right engine banks as well.  
 

Table 5. “Static” and “dynamic” tuning parameters of the MB820 diesel 
engine. 
5 lentelė. Dyzelinio variklio MB820 „statiniai“ ir dinaminiai nustatymo 
parametrai.  

“dynamic” No. Parameter “static” 
Left bank Right bank 

 

1 Inlet valve 
openings 

14o 51.8o 55.9o  before TDC 

2 Inlet valves 
closings 

56o 41.5o 40.3o  after BDC 

3 Exhaust valve 
openings 

48o - - before BDC 

4 Exhaust valve 
closings 

19o 16.5o 15.1o  after TDC 

5 Valves overlap  33o 68.3o 71o  
6 Start of fuel 

feed-in when 
idling 

24o 1.5o 5.0o before TDC 

 

For example the difference between “static” start of fuel feed-in, which 
compiles about 20o, came probably from the fact that “static” parameters are 
adjusted for idling conditions of the engine and that there mechanic-hydraulic 
governing device is mounted, which controls fuel injection timing depending on 
engine speed. As it is matter of concern, differences in closings of the inlet and 
exhaust valves are equal approximately to 15o degrees (inlet valves) and 3-5o 
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degrees (exhaust valves) that could be explained by the thermal lengthening of the 
valve gear mechanism (tappets, pushrods, rockets) during the engine operation. 
Changes in the exhaust valves openings have not been studied during these tests 
but inlet valves openings differ by up to 40o degrees if comparing them with the 
static conditions. 
 

Conclusions 
 

1. In-cylinder pressure signals taken by indicator sensors installed at the 
decompression valves locating positions are useful as a reference signal to 
trigger the vibration signals on MB820 engine cylinder heads.  

2. Due to a new diagnostic methodology developed at the Polish AMW, it is 
possible to measure and register the vibration parameters generated by a high-
speed the MB820 type marine diesel engine and use this information for 
diagnostic purposes of the fuel injection system and valve gear mechanisms. 

3.  So-called “dynamic” tuning parameters of the MB820 diesel engine were 
successfully assessed but with some exceptions. It was impossible to separate 
the signals from the fuel injector closings because of vanishing during long 
expose time of signal generated by its openings. In addition, it was not possible 
to separate with acceptable accuracy the signals coming from exhaust valves 
openings because the sensor was located at the external part of the cylinder head 
whereas the exhaust valves are located close to the middle of the engine 
crankcase. 

4. Signals that come from the valve closings are usually “sharper” and easier to be 
assessed than corresponding signals generated by their openings. 

5. Although there are considerable differences in “static” and “dynamic” engine 
timing parameters this method could be useful for engine tuning and diagnostic 
without stopping the vessel. Such non-stop methods when used systematically 
in year-by-year marine engine inspections could be effective for adapting of 
cost lowering Condition Based Maintenance strategy. 
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Томас Лус, Марек Лутович 
 

ПРЕЛИМИНАРНОЕ ИСПЫТАНИЕ НОВОГО МЕТОДА 
ВИБРАЦИОННОЙ ДИАГНОСТИКИ НА СУДОВОМ БЫСТРОХОДНОМ 

ДИЗЕЛЬНОМ ДВИГАТЕЛЕ 
 

Аннотация 
 

В статье приводятся результаты испытания нового метода 
диагностики, который предназначен для диагностики системы питания 
быстроходных судовых дизельных двигателей типа MB820 и регулирования 
механизма привода клапанов. На двигателях этого типа клапаны 
индицирования не установлены, поэтому для регистрации и определения 
технического состояния двигателя используют на головках цилиндров 
смонтированные вибрационные датчики. Датчики давления в цилиндре были 
подсоединены к декомпрессионным клапанам с тем, чтобы получить 
информационный сигнал вибрационных явлений, что не является 
стандартной процедурой на двигателях типа MB820. В процессе 
исследования получены динамические параметры газораспределительных 
фаз двигателя, которые могут быть использованы специалистами для 
сравнения внутренних процессов двигателя и определения его технического 
состояния. 

Судовой дизельный двигатель, диагностика, установка углов 
газораспределения, топливная форсунка, привод клапанов. 

 

Tomasz Lus, Marek Łutowicz 
 

PRELIMINARUS NAUJO VIBRACINĖS DIAGNOSTIKOS METODO 
BANDYMAS LAIV Ų GREITAEIGIAME DYZELINIAME VARIKLYJE  

 

Reziumė 
 

Straipsnyje pateikiami naujo diagnostikos metodo, skirto laivų greitaeigių 
MB820 tipo dyzelinių variklių degalų maitinimo sistemos diagnostikai ir vožtuvų 
pavaros mechanizmui sureguliuoti, bandymo rezultatai. Šio tipo varikliai nėra 
aprūpinti cilindrų indikavimo vožtuvais, todėl vibracijai aptikti ir variklio techninei 
būklei įvertinti ant cilindrų galvučių montuojami specialūs registratoriai. Norint 
gauti bazinį informacinį signalą vibracijos pėdsakams aptikti, prie dekompresinių 
vožtuvų buvo prijungti dujų slėgio cilindre jutikliai, o tai yra nestandartinė 
procedūra MB820 tipo varikliams. Tyrimų eigoje gauti dinaminiai variklio dujų 
skirstymo fazių nustatymo parametrai, kuriuos specialistai gali panaudoti variklio 
vidiniams procesams palyginti ir jo techninei būklei įvertinti. 

Laivų dyzelinis variklis, diagnostika, dujų skirstymo mechanizmo 
sureguliavimas, degalų purkštuvas, vožtuvų pavara. 


