
Starting air period 

air start valve အတြက္ pilot signal ကိ ုcylinder ၂ 
လံုးအတြက္  overlap နဲ႔ လြတ္ေပးတယ္။ အဲဒီ overlap က ၁၅ 
ကေန ၂၅ ဒီဂ၇ီေလါက၇္ိွတတ္တယ္။ ေဘးကပံုမွာေတြ႔လိမ္႔မယ္။ 
TDC မဟုတ္တဲ႔ ဒုတိယ ဆလင္ဒါကပုိၿပီး အါးေကါင္းတယ္။ TDC 
အတြက္ 60’,ေနာက္တလံုးအတြက္ 20’ယူထါးတယ္။OVERLAP 
က type of engine – 2 stroke or 4 strokeလါး number of 
cylindersဘယ္ေလါက္လဲ။ time of air start valve opening 
ကေတါ႔ ဖြင္႔တါေစါ၇င္ overlap မ်ားမယ္။ အဒဲီေၿကးdisc ေလး က 
ahead & 
asternအေၿပာင္းမွာေက်ြးတဲ႔ေလေပါက္ကိုေၿပာင္းေပးတယ္။ 

အေပၚကဆလင္ဒါတလံုး။ေအါက္က
Overlap cylinder အတြက္-
အေပၚကို ၆၀ ဒီဂ၇ီ
ေအါက္ကို၂၀ဒီဂ၇ီေပးထါးတယ္။

အဒဲါေၿကာင္႔တုိင္ပင္ေလးနဲနလဲည္သြါးတါနဲ႔ ဒုတိယ Overlap အတြက္ေလနဲသြါး၇င္ နိုွဳးဘို႔မလြယ္ေတါ႔ပါဘူး။ အဲဒီ
distributor ကိုလွည္႔တဲ႔ဂီယါကိၿုဖဳတ္ခ်ိန္နုိင္ပါတယ္။ 



တကယ္ေတါ႔ starting air ကိ ုTDC မေ၇ာက္ခင္ၿကုိေပးတတ္တယ္။time lag ကုိထည္႔တြက္ထါးလုိ႔။exhaust valve 
မပြင္႔ခင္ေလေပးတါ၇ပ္၇မယ္။TDC ေ၇ာက္အလံုးကိုေလေပးလုိ႔ ၇တဲ႔ TORQUE ကနလုိဲ႔ half way to BDC အလုံးကုိ
Overlap ေပး၇ပါတယ္။ဒါမွ နုွိး၇လြယ္မွာပါ။cam နဲ႔ distributor ေတြမွာ inverse cam ဆုိတဲ႔ cam အခ်ုိဳင္႔ၿဖစ္လို႔  pilot 
valve stick ၿဖစ္၇င္ air start valve ပြင္႔ေနတဲ႔ ေဘးက ကင္းပါတယ္။ 

ပုံမွာၿကည္႔၇င ္pilot air line ( main air start valve ေဘးက) က distributor ထ္ပ္က၀င္တယ္။ ေဘးက ထြက္တါက 
ေလနဲ႔လွည္႔ၿပီးဆီစ ေက်ြး  ၇င္ distributor က ေလေတြကုိ drain လုပ္တဲ႔  လိုင္းပါ။ 

117

26 



အနီေ၇ာင္ခ်ယ္ထါးတဲ႔ ၂ ေပါက္ က drain
ေပါက္။ TDC & NEAR BDC ယူနစ္ ၂ လံုး AIR 
START VALVE PILOT LINE DRAIN 
အတြက္ ( အင္ဂ်င္rpm 10(ahead)or 11 
rpm(astern)[firing rpm လို႔ေခၚတယ္]ေ၇ာက္  
၇င္ valve 117 ကေန drain 
လုပ္တယ္။ဆီေက်ြးတါနဲ႔ေလၿဖတ္တါ safety 
အတြက္ဘဲ) ( start signal ၇ွိ၇င္ ၂၆။ ၁၁၇ 
ကေန ေလလါတယ္.)(stop မွာ ၁၁၇ drain 
မလုပ္ေတါ႔ပါဘူး) 

အၿပာခ်ယ္ထါတါတဲ႔အထဲက TDC 
အလုံးအတြက္က ၆၀ ဒီဂ၇ီ
ေၿမာင္းအတြက္အေပါက္ ၂ ေပါက္။ ၂၀ 
ဒီဂ၇ီေၿမာင္းအတြက ္က အေပါက္ ၂ ေပါက္။အဒဲါ 
က DISTRIBUTOR ထိပ္က၀င္တယ္။( valve 26 
ကေနလါတယ.္) 

90611 လို႔ စါတန္းထိုး ထါးတဲ႔ ဟါက distributor 
ကို drive လုပ္တဲ႔ gear, အဲဒ ီgear က
ၿဖုတ္လို႔၇တယ္။ နနဲဲပါးပါး ဒီဂ၇ီလြဲတါကို
လွည္႔ခ်ိန္ဘို႔ ေၿမာင္း ထြင္းထါးတယ္။ တိုင္ပင္ခ်ိန္၇င္
အဒဲါကုိလွည္႔ၿ႔ပီးခ်ိန္ပါတယ္။

ဒါေပမဲ႔တခုသတိထါး၇မွာက ၁၁၇ က
ဒ၇ိန္းလုပ္ေပမဲ႔ ၂၆ က 
1Secေလေက်ြးထါးတံုးဘ။ဲနိွူးတါပိုလြယ္ေအါင္။ဒါ
ေၿကာင္႔ air start valve on cyl ကပြင္႔တံဳးဘဲ 



ဒါက အနီေ၇ာင္ခ်ယ္ထါးတဲ႔ အေပါက ္၂ ေပါက္ - DRAIN ေပါက ္၂ ေပါက္။  

ေဘးက အနီေ၇ာင္ခ်ယ္ထါးတဲ႔ KEY LINE ပုံေၿမာင္းက တုိင္ပင္ခ်ိန္ဖို႔ ေပးထါးတဲ႔ MARKING  

Starting air ေၿကာင္႔ ၿဖစ္လါတဲ႔ torque က ေလါင္စါဆီပန္းထည္႔တဲ႔အခါမီးေလါင္ဖုိ႔အပူခ်ိန ္၅၄၀ 
ဒီဂ၇ီကုိထုတ္ေပးနုိင္၇မယ္။ေနာက္ၿပီး အင္ဂ်င္မွာ၇ိွတဲ႔ ေအးေနတဲ႔ အင္ဂ်င္၀ိုင္ေၿကာင္႔ ဘယ္၇ာ၇င္ေတြမွာ၇ိွတဲ႔ 
ပြတ္အါးကိုေက်ာ္နုိင၇္မယ္။အင္ဂ်င္နဲ႔တြထဲါးတဲ႔ ပန္ကါေပၚ၇ွိ ၀န္ကုိေက်ာ္နိုင၇္မယ္။အင္ဂ်င္မွာၿဖစ္ေပၚလါတဲ႔ compression 
force ကိုေက်ာ္နုိင္၇မယ္။ေအးေနတဲ႔ liner ကစုပ္ယူလိုက္လုိ႔ ေလ်ာ႔သြါးတဲ႔အပုခ်ိန္ကိုၿပန္ၿဖည္႔ေပးနုိင၇္မယ္။ 

ဒီအင္ဂ်င္ 6S50MC ၇ဲ႔ ၂၅% load ၇ဲ႔ compression pressure = 50 bar ေလါက္၇ိွတါ။ အဲဒါကုိ ၂၈ bar ေလါက္ဘ၇ဲိွတဲ႔
starting air ကဘယ္လိုေက်ာ္လြါးၿပီးလွည္႔နိုင္လဆဲိုေတါ႔

-အဒဲ ီ၅၀ ဘါးဆုိတါ အမ်ားဆံုးတန္ဖိုးေန၇ာၿဖစ္ၿပီး mean compression pressure ကေတါ႔  compressed air pressure 
ထက္နဲ႔ပါတယ္။ၿပီးေတါ႔ fly wheel, crankweb, က်န္တဲ႔ moving part ေတြ၇ဲ႔ အင္နား၇ွားက အဲဒီ compression 
pressure ကုိေက်ာ္ဖုိ႔အကူအညိေပးေနလုိ႔ၿဖစ္ပါတယ္။ 

6S50MC ၇ဲ႔ firing timing = ahead  1-5-3-4-2-6-1                astern 

1

5 

3 

4 

6 

2 

အဒဲီေတါ႔ ယူနစ္ ၁ ကို
၆၀ဒီဂ၇ီေလေပးတဲ႔အခ်ိန္မွာဘ ဲ
ယူနစ္  ၅ ကို ၂၀ 
ဒီဂ၇ီေပးထါးတါေတြ႔၇ပါလိမ္႔မယ္။ 

355
TDC



“STOP SIGNAL: - REGULATING HANDLE AT ECR OR LOCAL ကုိ STOP POSITION , START POSITION, 
မွာထါးထါး။အဲဒ ီ၂ ခုၿကားထါးထါး ထုတ္ေပးေနပါတယ္။ 

Stop signal ေပးတါနဲ႔ vit ကိ ုတိုင္ပင္အၿမင္႔ဆံုးအေနအထါးမွာထိန္းထါးပါတယ္။ starting, astern running 
အတြက္ VIT ကအၿမင္႔အေနအထါးနဲ႔ပါဘဲ၊ 



10 & 11 
 117 & 27 



Reversing mechanism of MC engine
အင္ဂ်င ္REVERSING ကိ ုMC Engine မွာ cylinder တလုံးစ၇ွိီ fuel pump drive ၇ဲ႔ roller angularly ေ၇ြ႔တါနဲ႔
လုပ္ယူပါတယ္။အဲဒ ီroller guide & roller က ahead or astern position မွာ self locking ၿဖစ္ၿပီးေနပါတယ္။အဒဲါကို

118 control air valve 
near main air start  
valve 

117 

23 air from stop handle

From 23 of stop signal 

117 = open at stop handle 
activate ready for air supply 
when start handle was 
activated & control air pass 
through from valve 26.when 
start fuel supply with firing 
rpm – 117 will drain air from 
distributor  



control air နဲ႔လုပ္ယူပါတယ္။ဒါေပမဲ႔ အဒီဲလုိ astern to ahead ေၿပာင္းတဲ႔ telegraph ကုိ၇ိုက္လုိက္ေပမဲ႔ cam ၇ဲ႔
ေၿပာင္းနုိင္တဲ႔ေန၇ာေ၇ာက္မွေၿပာင္းသြါးတါပါ။။ဒီေတါ႔ အင္ဂ်င္ေလနဲ႔လည္တဲ႔ အခ်ိန္က်မွ
ေၿပာင္းလါၿကပါလိမ္႔မယ္။မစုိး၇ိမ္ပါနဲ႔။ 



Reversing :  
ဒလုိီအင္ဂ်င္တလုံးကုိ ေၿပာင္းၿပန္လည္ေစဖုိ႔လုိတါေတြက - fuel cam ကုိ ကုိယ္လည္ေစခ်င္တဲ႔ဖက္ ကုိ reposition 
လုပ္၇မယ္။( MC အင္ဂ်င္မွာအေပၚကၿပထါးတအဲတို္င္း roller ကုိလုပ္လုိက္တယ္။) 

ေနာက္ၿပီး Starting air distributor ကို ကုိယ္လည္ေစခ်ုင္တဲ႔ ဖက္လည္ဖို႔ ေလလြတ္တါမွန္ေအါင္ reposition လုပ္၇မယ္။ 

ဒီလို သူဟါသူ lock ၿဖစ္ေနလို႔
အင္ဂ်င္ဆီေက်ြးၿပီး ၆ Sec 
အၿကာမွာ ဒီ reversing cyl ၇ယ္။ 
distributor air cyl ၇ယ္ ကိ ုvent 
လုပ္ပစ္လိုက္တယ္။ဒီကို ahead or 
astern (telegraph or local 
control ahead/astern valve) 
ကေနလုပ္တယ္။ 



2 STROKE မွာ EXHAUST VALVE အတြက္ကုိထည္႔တြက္စ၇ာမလုိပါဘူး။ AHEAD & ASTERN အတြက္ 
မေၿပာပေလါက္ေအါင္ဘဲကြါပါတယ္။ REPOSITION လုပ္စ၇ာမလုိပါဘူး။ 

ေဘးကပံုမွာ Distributor
ေအါက္ကပ္၇က္မွာ air cylinder က 
distributor အထ ဲက position ေၿပာင္းတဲ႔
disc ကိုလွည္႔ေပးၿပိး pilot air to unit air 
starting valve ကိုေၿပာင္းေပးပါတယ္။ 

1- Fuel 
pump 
roller 
position 
change

2-air distributor position change 

ahead

astern 



Exhaust valve bottom piece အေပၚ groove မွာ o’ring, ဒုတိယ ေအါက္ သန္႔၇ွင္းေ၇းလုပ္ထါးတဲ႔groove မွာ U-Seal 
ကိုတပ္ပါ။Useal တပ၇္င္ပထမ ၁၀၀ဒိဂ၇ီစင္တီဂ၇ိတ္အပူေပးထါးတဲ႔ ေ၇ထ ဲ၅ မိနစ္စိမ္ၿပီးခ်က္ၿခင္းတပ္ပါ။ 

6S50 MC Engine air start လုပ၇္င္ ဆလင္ဒါဘယ္နစ္လံုးကိုေလေပးလ။ဲ ၿပိဳင္တူေပးလါး။ တခုၿပီးမွတခုေပးလါး။ 

MC အင္ဂ်င္ေတြမွာ Engine ignition - နဳိးဘုိ႔အနဆုံဲးေလနဲ႔လွည္႔မဲ႔ အပတ္ေ၇က ဘယ္ေလါက္လဲ 

အဒဲအီပတ္ေ၇ေ၇ာက၇္င္ ဆီေက်ြး၇င ္DISTRIBUTOR ကိုေလဆက္ေပးထါးလါး။ ေလၿဖတ္လါး။ဲ



တကယ္လို႔ DISC DISTRIBUTOR မွာ တုိင္ပင္မွားလို႔ AHEAD နိုဴး၇ခက္၇င္ ASTERN ေကါနိဳး၇ခက္မလါး။ဘါေၿကာင္႔လဲ 

Bridge control မွာတခါတည္းနဲ႔ အင္ဂ်င္မလည္၇င္ ဘါေတြဆက္ၿဖစ္လ ဲ

hydraulic governor သုံးတဲ႔အင္ဂ်င္ မီးစက္တလုံး hfo နဲ႔ေမါင္းတယ္။ တကယ္လုိ႔ viscosity နတဲဲ႔ဆီနဲ႔ အင္ဂ်င္ hunting 
မၿဖစ္ဘဲ viscosity မ်ားတဲ႔ဆီနဲ႔ ေမါင္းလို႔ hunting ၿဖစ၇္င္အလြယ္ဆံုးဘါကိုအ၇င္ၿကည္႔မလ/ဲ LOAD န၇ဲင္ HUNT , LOAD 
မ်ား၇င္ ပုံမွန္ဆုိ၇င္လစဲစ္။ 

Hfo နဲ႔ေမါင္းတဲ႔ steam automizing  burner သုံးဘိြဳ င္လါမွာ automising air ကုိဘယ္အခ်ိန္သုံးလ ဲ

မီးစက္တလုံးကို PEAK PRESSURE ယူၿကည္႔လုိ႔ FUEL RACK မ်ား။ EXH TEMP မ်ား။ PEAK PRESSURE 
နေဲန၇င္ဘါကိုစစ္သင္႔လ၊ဲ(individual unit) 

VIT ပါတဲ႔အင္ဂ်င္မွာ ဆလင္ဒါ တလုံးကုိ VITကုိလုိတါထက္ပုိတင္၇င္ အဒဲီဆလင္ဒါမွာ ဘါေတြၿဖစ္လါမလ၊ဲက်န္တဲ႔ 
ဆလင္ဒါမွာေကါဘါေတြအက်ိဳးသက္ေ၇ာက္မလ ဲ

ဘိုြင္လါတလံုး AIR FUEL RATIO မွာ ေလန၇ဲင္မီးခိုးမထဲြက္တယ္ဆုိၿပီး ေလမ်ား၇င္ေကါ ဘါလုိ႔မီးခုိးမထဲြက္၇သလ ဲ

ဘိုြင္လါ နွစ္လံုးပါတဲ႔ သေဘါၤမွာ တလုံးကုိ EXH GAS ECONOMIZER CIRCULATING အတြက္သုံးၿပီးေနာက္တလုံးကုိ 
PRESSURE COMPENSATE ( လုိတဲ႔ PRESSURE ၇ေအါင္ ၿဖည္႔ေပးဖို႔ သံုးခဲ႔၇င္)ဘါေတြၿဖစ္လါနုိင္လဲ 

Hfo နဲ႔ေမါင္းတဲ႔ဘိုြင္လါမွာ flame sensor ကိ ုU V သံုးမလါး။photo cell (selenium photo cell) သုံးမလါး။ 

သေဘါၚတစီးမွာ 7KG STEAM ကုိဘယ္ေတြမွာ အမ်ားဆုံးသုံးတတ္လ။ဲ 

တကယ္လို႔ အဲဒ ီ7KG STEAM PRESSUREကိ ုေအၚတုိထိန္းေနတဲ႔ REGULATOR (NOZZLE , FLAPPER TYPE) 
ေၿကာင္ခဲ႔၇င္အလြယ္ဆံုးဘါေတြစစ္မလဲ

MC ENGINE EXHAUST VALVE မွာ အထိုင္လုံမလုံ။ O RING , U SEAL ေတြလုံမလုံ WATCH ထမဲွာ 
ဘါေတြစစ္လုိ႔သိမလ၊ဲ 

မီးစက္တလုံး၇ဲ ႔ BREATHER PIPE ကဘါအတြက္ထါးတါလ၊ဲ တကယ္လုိ႔ အဒဲီမွာ၇ွိ FILTER ပိတ္ခဲ႔၇င္ဘါေတြၿဖစ္လါမလဲ၊ 

MC Electronic VIT စံနစ္မွာ ENGINE နိွုးတဲ႔အခ်ိန ္VIT ၿမငွ္႔ထါးလါး။နွိမ္႔ထါးလါး။ 

Cascade controller ေတြမွာ R.S.T ဆုိတဲ႔ remote set point ဆုိတါဘါကုိေၿပာတါလဲ

DIAPHRAM သုံး ACTUATOR ေတြမွာ INTEGRAL ( I ) တန္ဖုိးသိပ္ထည္႔ေပးစ၇ာမလုိဘူး။ ဘါေၿကာင္႔လ၊ဲ 

ေအါက္က ပံုမွာ AUX ENGINE LUB OIL PRESSURE REGULATOR တခ ုခဏခဏ lube Pressure က်ၿ႔ပီး shut down 
ၿဖစ္လုိ႔ modified လုပ္ထါးတယ္။ဘယ္ဟါက modified လုပ္ၿ႔ပီးတဲ႔ ဟါလ။ဲဘါေၿကာင္႔ ဘါေတြကုိ modified 
လုပ္၇တယ္ထင္လ ဲ



1-MC အင္ဂ်င ္AIR START VALVE က SELF LOCKING NUT ကုိ ၿပန္သုံးခြင္႔ၿပဳတဲ႔ အမ်ားဆံုး ၿဖဳတ္ တပ္နုိင္တဲ႔ 
အၿကိမ္ေ၇ က ဘယ္ေလါက္လးဲ  

၅ ၿကိမ္

2-GAS CUTTIING ၿဖတ္ မလို႔ ေအါက္ဆိဂ်င္။အက္စီတလင္းအုိးေတြဖြင္႔။ REGULATOR ေတြခ်ိန္။ WORK SHOP 
CABINET က VALVE ေတြ႔ဖြင္႔ လုပ္ၿပီးမ ွ CUTTING TORCH ကေန ေအါက္စီဂ်င္ေ၇ာ။ အက္စီတလင္းေ၇ာ 
မလါဘူးၿဖစ္ေနတယ္။ဘါေၿကာင္႔ၿဖစ္နုိင္လဲ၊ ( မွတ္ခ်က္ - အုိးေတြအကုန္လုံးအသစ္ေတြခ်ည္းဘ)ဲ 

DUE TO CUT OFF ACTIVATE ( REGULATOR pressure SETTING မ်ားလြန္းလုိ႔ ) 

3-GAS WELDING ၇ဲ႔ အက္ဆီတလင္း FLASH BACK ARRESTER တခု၇ဲ႔ PRESSURE ACTIVATE CUT OFF  
PRESSURE ဘယ္ေလါက္လ ဲ

၁.၅ BAR 

4-ေအါက္ဆီဂ်င ္FLASH BACK ARRESTER ကေကါ PRESSURE ACTIVATE CUT OFF PRESSURE ဘယ္ေလါက္လဲ 

10 BAR 

5-ALFA LAVAL ၇ဲ႔ DIVERSION & FULL FLOW FITLER ပါတဲ႔ CONTINUOUS AUTOMATIC BACK FLUSH FILTER 
နဲ႔ BOLL FILTER   ၇ဲ႔ CANDLE FILTER  ေတြပါတဲ႔ AUTOMATIC BACKFLUSH FITLER အလုပ္လုပ္ပုံတူလါး။ဘါကါြလ။ဲ 



Manual ၿကည္႔၇င္၇ပါတယ္။ အဓိကေတါ႔ alfa laval က pressure ၿငိမ္ေနတယ္။သူအလယ္အူတုိင္က BACK FLUSH 
ၿဖစ္ေအါင္လုပ္ေပးတယ္။FULL FLOW FILTER ကထြက္လါတဲ႔ BACKFLUSH ညစ္ပတ္ဆီေတြကုိ DIVERSION FILTER 
ဆီပုိ႔။ၿပီးမ ွDRAIN လုပ္တယ္။ 

 boll က filter အကူးအေၿပာင္းမွာ pressure က်တတ္တယ္။ၿပီးေတါ႔ သူက back flush လုပ္ၿပီးတဲ႔ candle filter ကို
ဆီၿဖည္႔ၿပီး ST BY ထါးတယ္။သူက FILTER အံုအိမ္ကလည္တါနဲ႔ BACKFLUSH ၿဖစ္ဖို႔လုပ္ေပးတယ္။ 

6-BOILER CIRCULATING PUMP STAND BY PUMP START လုပ္တဲ႔ PRESSRUE senor line 
ကိုဘယ္လိုယူထါးတတလ္ဲ 

DIFFENTIAL PRESSURE OF PUMP INLET & OUTLET  

7-RADIAL TURBINE NOZZLE RING နဲ႔ AXAIL TURBINE NOZZLE RING ဘယ္လုိကြါလဲ။ ၿကည္႔တါနဲ႔ ခြဲသိနိုင္မလါး 

သိနုိင္ပါတယ္။ NOZZLE BLADE အတည္႔၀င္၇င္ AXAIL, ေဘးက၀င၇္င္ RADAIL 

8-မီးစက္တလုံး MAJOR OVERHAUL လုပ္တယ္။ PISTON ၿပန္ထဲ႔ေတါ႔ သ ူTOOL နဲ႔သ ူ  ( PISTON INSERT RING) 
နဲ႔ၿပန္ထည္႔ တါေတါင ္မ၀င္ဘတဲစ္ေနတယ္။ထုၿပီးထည္႔မလါး။ ဘါဆက္လုပ္မလ၊ဲဘါေတြစစ္မလဲ။ 

ခ်ိန္ထည္႔တါေစါင္းေနလို။ ဒါမွမဟုတ္ RING GROVE သန၇္ွင္းေ၇းလုပ္တါမေၿပာင္လို

9-မီးစက္ OVERHAUL လုပ၇္င္ HEAD NUT ေတြ။ MAIN BEARING NUT ေတြ ကုိတုိက္တဲ႔ HYDRAULIC PRESSURE 
မွန္ဖို႔အေ၇းၿကိးတယ္။ အဒဲ ီ HYDRAULIC TOOL PRESSURE GAUGE မွန္မမွန္ ဘါ က၇ိယါနဲ႔စစ္မလ။ဲ အဒဲ ီ က၇ိယါ 
မွန္မမွန္ေကါဘယ္လို စစ္မလ၊ဲ 

CALIBRATOR, ပံုမွန ္SHORE ပုိ႔ ။ MASTER PRESSURE GAUGE တခုနဲ႔ တိုက္ၿကည္႔

10-မီးစက္တလုံးမွာ DROOP  ၂ မ်ိဳး၇ွိတယ္။ တခုက GOVERNOR မွာခိ်န္၇တယ္။ ေနာက္တခုက AVR မွာခ်ိန၇္တယ္။ 
အဒဲ ီDROOP ၂ ခ ုဘါကြါလ။ဲ 

GOVERNOR က KW( LOAD ပိုထမ္းမလါး။ေလ်ာထမ္းမလါး ), AVR – KVAR, power factor (VOLT ခ်ိန္) 

11-MC Engine VIT  fuel injection pump complete set ဆင ္ ၿပီးသါးတလုံး SPARE ၇ွိတယ္။ အင္ဂ်င္ေပၚက 
မေကါင္းတဲ႔ fuel pump တလုံးကုိလခဲ်င္တယ္။ဘယ္လုိ လဲ မလဲ။ ဘါအဆင္႔ေတြ အဆင္႔ဆင္႔႔လုပ၇္မလဲ၊ 

TOP COVER ၿဖဳတ္။ PLUNGER /BARREL ဆြဲထုတ္တဲ႔ PROCEDURE အတုိင္းထုတ္။ ၿပီးမွ က်န္တါၿဖဳတ္လလုိဲ႔၇မယ္။ 

12-SJ 10 P MITSUBISHI PURIFIER & SU 826 ALCAP  ALFA LAVAL PURIFIER ၂ မ်ိဳး DISCHARGE 
MACHANISIM ဘယ္လုိကါြလ ဲ

Mitsubiship purifier  - pilot valve ကေန sliding bowl ကုိအတက္အက်လုပ္

Alfa laval SU 826 – SLIDING BOWL က အတက္အက်မလုပ္။ ေကြးၿပီး အဖြင္႔အပိတ္လုပ္ 

13-တကယ္လို႔ ICCP LOG ယူတါ Reference volt 200 mV ေလါက၇္၇င္ ဒ ီ ICCP မွာ Zinc reference electrode 
သံုးထါးလါး။ Silver reference electrode သံုးထါးလါး။ 



ZINC REFERENCE ELECTRODE 

၁၄- thermal overload relay တလုံးမွာ trip ampere ကုိ ဘါကိုၿကည္႔ခ်ိန ္ ၇မလ။ဲအလြန္အက်ြ ံ တင္ခဲ႔၇င္
ေမၚတါေလါင္တတ္တယ္။ 

MOTOR SERVICE FACTOR, FULL LOAD AMPERE – 1.15 X FLA ထါးတတ္တယ္။ 

၁၅-battery charger တခုမွာ float charge နဲ႔ equlizing charge ၂ မ်ိဳးပါတတ္တယ္။ ဘယ္အခ်ိန္မွာ ဘယ္ဟါနဲ႔ charge 
လုပ္မလ။ဲ 

ပုံမွန္ FLOAT CHARGE, တလတခါေလါက ္EQULIZING CHARGE 

၁၆-ိအုင္ဂ်င္တလုံးကုိနွိဳးလုိက္၇င္RPMေထါင္တက္သြါးတယ္။ၿပီးေတါ႔ၿပန္ဆင္းလါတယ္။ဘါေၿကာင္႔ အဒီဲလုိၿဖစ္၇တါလ။ဲ 

BOOSTER, START FUEL LIMIT ၇ယ္ - ဒါေတြေၿကာင္႔

၁၇-MC Engine ေတြမွာ air cooler ကထြက္တဲ႔ scavenge air ထေဲ၇မွဳန္ေတြမပါသြါးေအါင္ကါကြယ္တဲ႔ parts 
ကိုဘယ္လိုေခၚလ။ဲ ဘါလို႔အဲဒါတပ၇္တါလ၊ဲ 

WATER MIST CATCHER, LINER CYL LUBRICATION ပ်က၇္င္ SCUFFING ၿဖစ္တတ္လုိ႔

၁၈-waste heat recovery economizer water tubes ေတြ တခါတေလ သေဘါၤ၇ပ္ၿပီးတဲ႔ အခ်ိန္မွာေတါင္မွ
မီးေလါင္ပ်က္စီးတတ္တယ္။ဘါေၿကာင္႔လ။ဲoperation procedure မွားလုိ႔လါး။ မွားတယ္ဆုိ ဘယ္ေန၇ာေတြ မွာ 
မွားသြါးတါလဲ၊ 

S.S.S နဲ႔ေမါင္း၇င္ လုိက္နာ၇မယ္အခ်က္ေတြမလုိက္နာလို႔

ပုံမွန္အါးၿဖင္႔ အင္ဂ်င္၇ပ္ၿပီး ၁၂ နာ၇ီေလါက္မCွIRCULATING PUMP ၇ပ၇္မယ္။ 

TURBOCHARGER DRY WATCH လုပ္ၿပီး၇င ္SOOT BLOW လုပ္၇မယ္။ 

PRESSURE DROP ေပၚမူတည္ၿပီး WATER WASH လုပ၇္မယ္။  

19-constant pressure turbocharging system သံုး ၂ stroke engine နဲ႔ pulse pressure turbocharging system 
သုံး 4 stroke engine ၂ မ်ိဳးမွာ ယူနစ္အေ၇အတြက္။ engine power တူခဲ႔၇င္ ဘယ္အင္ဂ်င္က starting air 
နဲ႔နိဴးတါပိုလြယ္မလ။ဲဘါေၿကာင္႔လ၊ဲ( မွတ္ခ်က္ - air motor starting  မသုံးပါ။) 

CONSTANT PRESSURE T/C SYSTEM သံုး 2 STROKE ကပုိလြယ္တယ္။ 

EXHAUST VALVE ဖြင္႔ခ်ိန္ေနာက္က်လုိ႔overlap ပုိေပးနိုင္။၂ STROKE က အပတ၇္ည္တပတ္မွာ 
ပါတဲ႔ဆလင္ဒါကပုိမ်ားလုိ႔/ 6 CYL ဆုိ ၆၀ဒီဂ၇ီစီေလါက္ဘ၇ဲိ ွတယ္။ 

Starting air can be supplied from TDC till the opening o f the exhaust valve / exhaust ports, in theory. In 
practice, the valve is timed to open a little before TDC,  since there is always a period o f ‘lag’, between 
the opening o f th e valve, and the actual action o f th e air, which must fill the cylinder first, before its 
turning effect is  felt  on  the piston.  There  is  also a  period  o f overlap,  provided,  where  more than  



one cylinder  starting air valve  is open.  This is to give a  smoother turning action,  and to make sure th 
at the engine will start from any position,  and in either direction easily.  Also the torque acting on the 
engine,  is minimum around TDC, therefore  if there were no overlap, the torque may not be sufficient to 
turn the engine, were it to be stopped with  

the unit at T D C .  However, the torque is maximum around h a lf w ay to BDC, hence if overlap were 
provided, and the unit in question were at TDC, the other unit, whose starting period overlaps, would be 
at a point which would give a higher starting torque, thus making starting easier. 

ေအါက္ကပံုမွာၿကည္႔၇င္ constant pressure turbocharging ၇ဲ႔ exh valve open ကေနာက္က်တါေတြ႔၇မယ္။ ဒါေၿကာင္႔
starting air overlap ကိ ုပုိၿကာၿကာေပးနုိင္တယ.္ 

20-SECA compliance boiler ဆုိတါဘါလ၊ဲ၇ုိး၇ုိး ဘုိြင္လါနဲ႔ဘါကြါလုိလဲ။ 

CERTIFICATE ၇ွိ၇တယ္။ အဒဲ ီCERTIFICATE ကလ ဲMAKER က ေသခ်ာ ေအါင္ဒီဇိုင္းလုပ္ၿပီးေၿကာင္း  

21-pressure jet burner ေတြမွာ burner ကုိ supply လုပ္တဲ႔ burner fuel oil pump ၇ဲ႔႔ fuel pressure က 
အေ၇းၿကိးတယ္။လုံး၀အက်မခံဘူး။ဘါေၿကာင္႔လ။ဲ 

၂၂-အဲဒ ီ pressure jet burner ေတြ၇ဲ႔ nozzle ေတြမွာ us gal/hr ဆုိတါပါတယ္။ အဲဒါဘါကု္ိေၿပာတါလ၊ဲ 
kg/hrဆုိတါေကါဘါလ။ဲ  

US gal/h က us standard throughput of nozzle ,pressure facture က 7 bar နဲ႔တြက္တယ္။ 

Kg/h ဆုိတါက CEN standard throughput of nozzle,pressure facture က 10 bar နဲ႔တြက္တယ္။  



Throughput = lower calorific value x efficiency  x pressure facture 

Pressure facture = burner fuel pump pressure/( CEN ဆုိ 10 BAR,US gal ဆုိ 7 bar) 

Burner nozzle မွာ၇င္အဒဲါ၇ယ္။အေစါင္းဒ၈ီ၇ီ၇ယ္ေပး၇တယ္။ 

၂၃-burner  တလုံး၇ဲ႔ turn down ratio ဆုိတါဘါလ၊ဲ oil throughput ဆုိတါကဘါလ၊ဲ 

Throughput -အေပၚကအတိုင္း။  

Turndown ratio (TAR): of a burner is defined as the ratio: 

Maximum fuel throughput

Minimum fuel throughput 

၂၄-4-20 mA signal က analog signal လါး။ digital signal လါး။  on/off switch input ေတြဘဲ သုံးလုိ႔ ၇တဲ႔ AC 220R 
LOGO (LOGO ဆုိတါ plc  တမ်ိဳးပါဘ)ဲ မွာ အဒဲ ီ4-20 mA signal ကုိ input signal အေနနဲ႔ သုံးလုိ႔၇လါး။ 

4-20mA – analog signal, on/off switch = digital signal 

ဒါေၿကာင္႔သုံးမ၇ပါ။ 

၂၅-HFO နဲ႔ ဘဲသုံးဖို႔ထုတ္ထါးတဲ႔ ROTARY CAP BURNER တလုံးကုိ M.G.O နဲ႔ေမါင္း၇င္ဘါၿဖစ္နိင္လ ဲ

ဂိ်ုုဳးေတြ rotary cup မွာကပ္လါလိမ္႔မယ္။ 

26-boiler burner ၇ဲ႔ မီးေတါက ္ yellow flame နဲ႔ blue flame ဘါကြါလဲ၊ yellow flame ဆိ၇ုင္ QRA သံုးလါး။ RAR 
သံုးလါး။ 

Yellow flame – hfo မီး။ blue flame – gas မီး။ RAR = YELLOW FLAME, QRA – BLUE FLAME 

27-tanker သေဘါၤေပၚမွာ designated hotwork area က အမ်ားအါးၿဖင္႔ဘယ္ေန၇ာလဲ။ အဒီဲေန၇ာမွာ hot work လုပ္ဖုိ႔
ဘါေတြလုပ္၇မလ၊ဲ 

WORK SHOP..HOT WORK PERMIT  

28- ကါဘြန္ဒိုင္ေအါက္ဆိုဒ္ကုိ စက္ခန္းမီးသတ္ဖို႔သံုးတယ္။ tanker ေတြမွာ ဆီtank ေတြ explosion မၿဖစ္ေအါင္
ကါကြယ္တဲ႔ inert gas အေနနဲ႔ကါဘြန္ဒိုင္ေအါက္ဆုိဒ ္ကို သုံးနုိင္လါး။ 

မ၇ပါ။ static electricity ၿဖစ္လုိ႔။ ေပါက္ကြဲတတ္တယ္။ 



29- စက္ခန္းထကဲ diesel oil day tank ထ ဲwelding ေဆၚဘုိ႔ gas free လုပ၇္မယ္။ တခါတေလ dock က လူေတြက 
ၿမန္ေအါင ္ tank ထကုိဲ steam supply လုပ္။ၿပီးေတါ႔ blower နဲ႔ မွဳတ္ၿပီး gas free လုပ္တယ္။ အဒဲါ မွန္တဲ႔ procedure 
လါး။ မွားတဲ႔ procedure လါး။ ဘါေၿကာင္႔လဲ။ 

မွားတယ္။ STEAM လ ဲstatic electricity ၿဖစ္လုိ႔

30-6S50 MC Engine fuel injection pump မွာ suction valve ေတါ႔ပါတယ္။ delivery valve ေကါပါလါး။  

မ၇ွိ

31-solas regulation 13.4.2 အ၇ အင္ဂ်င္ခန္း machinery space category A မွာ၇ိ ွemergency escape  trunk ၇ဲ႔
အက်ယ ္ အနည္းဆံဳး ဘယ္ေလါက္၇ွိ၇မလ။ဲ OPEN DECK ကုိထြက္တ႔ဲ HATCH ကေကါ အလ်ား။အနံ
အနည္းဆုံးဘယ္ေလါက္၇ွိ၇မလ၊ဲေလွကါးနဲ႔ HATCH ေဘါင္နဲ႔ေကါအနည္းဆံုးဘယ္ေလါက၇္ိွ၇မလဲ

(၈၀၀MM) 

၃၂-RISK ASSESSMENT (RA)  မွာ risk control ထည္႔တဲ႔အခါ PREVENTIVE MEASURE နဲ႔  MITIGATIVE  
MEASURE ဘါကြါလ၊ဲ 

PREVENTIVE က ကါကြယ္။ MITIGATIVE က သက္သါ၇ုံဘ ဲ

၃၃-IMO ၇ဲ႔ RESOLUTION A (1050)(27) အ၇ ENCLOSE SPACE ENTRY လုပ္ဖို႔ ENCLOSE SPACE ၇ဲ႔ ေလထုဟါ 
လုိအပ္ခ်က ္၃ ခုနဲ႔ ၿပည္႔စံု၇မယ္။ အဲဒါဘါေတြလ။ဲအဒဲီ ၃ ခုထမွဲာ  (OEL) ဆုိတါဘါလ။ဲ 

It should be noted that the term Occupational Exposure Limit (OEL) includes the Permissible Exposure 
Limit (PEL), Maximum Admissible Concentration (MAC) and Threshold Limit Value (TLV) or any other 
internationally recognized terms.H2S=0PPM, BENZENCE - <0.5PPM 

၃၄-ENCLOSE SPACE ATOMOSPHERE ကုိ GAS TESTING လုပ္၇င္ VENTILATION  

ေမါင္းၿပီးတုိင္း၇မလါး။၇ပ္ၿပီးတိုင္း၇မလါး။ 

၇ပ္ၿပီး ၁၀ မိနစ္

35-MC ENGINE ေတြမွာ EXHAUST VALVE တုိ႔။ FUEL PUMP SUCTION VALVE တုိ႔မွာ တပ္တဲ႔ U SEALING RING ၇ဲ႔
အဟကို ဘယ္ဖက္လွည္႔ထါး၇မလဲ

ဆီလါတဲ႔ဖက္ 

 36-6S50MC fuel injection pump ၇ဲ႔ barrel အေပၚနဲ႔ top cover ၿကားကေန drain 
လိုင္းတခုထည္႔ထါးတယ္။အဒဲါဘါအတြက္ထည္႔ထါ္းတါလ၊ဲ 

SUCTION VALVE က U SEAL လုံမလုံ။ မလုံလုိ႔ထြက္ခဲ႔၇င္ ပလန္ဂ်ာအေပၚအတက္ လါခံလို႔ VIT တက္လါတါကုိ
ကါကြယ္ဖို႔



37- MC အင္ဂ်င ္fuel injection pump  ၇ဲ႔ plunger က ညွစ္လုိ႔ ထြက္လါတဲ႔ high pressure fuel ေတြ fuel injection 
valve  ီကုိ ဘယ္လုိ ထြက္သြါးလ။ဲ DELIVERY VALVE ကုိၿဖတ္ၿ႔ပီးထြက္သြါးလါး။ 

SUCTION VALVE အလယ္ေပါက္ကေန INJECTOR ကုိသြြါး 

38-MC အင္ဂ်င္ နိူးတဲ႔အခိ်န္မွာ STOP, START, FUEL ON စတဲ႔ SIGNAL ၃ ခုမွာ ဘယ ္SIGNAL ေပးေန၇မလ။ဲ 

STOP & START 

၃၉-MC အင္ဂ်င္ကုိ LOCAL EMERGENCY CONTROL ကနူိး၇င္ AIR DISTRIBUTOR END POSITION VALVE 
ေတြၿဖစ္တဲ႔ two position, 3 way valve  ၅၅။၅၆( ahead / astern direction မွန္မမွန္စစ္တဲ႔ valve ေတြ)  
မေကါင္း၇င္နုိးပါ႔မလါး။ 

နုွိးတယ္။ အဒဲါကုိ ေက်ာ္ထါးလို႔

40- preferential trip, long time trip(LTD), short time trip(STD), instantenious trip (INST 
)စတါေတြကိုဘယ္မွာတပ္ထါးလ၊ဲသူတို႔၇ဲ႔ ပံုမွန ္ SETTING & TIME DELAY ေတြဘယ္ေလါက္၇ွိတတ္လ၊ဲ(၁၁၅%-၆၀ 
SEC)(400%-120 MSEC)(1200%)- preferential tripကုိေတါ႔ ၁၁၀% ေလါက္ထါးတတ္တယ္။75% to 110% အထိ 
အဆင္႔ ၈ ဆင္႔နဲ႔ load shad လုပ္တယ္။ 

In order to prevent the troubles by reverse transmission in such as “Load shift”, reverse power relays 
(RPRY) are provided to the generator panel. They are set to 1.5% (12KW)～15% (120KW) of the rated 
capacity (800KW), and when the reverse power more than setting value is generated, they open the ACB 
and protect generators. Performance time is adjustable on the digital switch. (Now it is set to 80KW and 
10sec.) 

When the ACB is opened by it, orange indication plate will appear in it. So confirm it and life the reset 
knob to reset the plate.If there’s no abnormality, ACB can be closed again 

In case of overcurrent, 105%×120% of the rated will current of the generator, the nonessential loads will 
tripped after 10 seconds by overcurrent relay (OCR). 

Adjusting range has 8 steps of 0.75/0.8/0.85/0.9/0.95/1.00/1.05/1.10 for rated current (1283A). 

(This board is set to 1.05.) 



When grounding in R phase

Without pushing the ground lamp test button switch, three lamp are of Y connection each other and have 
the same brightness. 

When pushing the button switch, the terminal connected with the button switch also grounds because of 
grounding of R phase, and the lamp of R phase will go off. And the other lamps light more brightly as 
interphase voltage is added to the terminals. 

In case of no grounding of any phase, three lamps have the same brightness even when pushing the 
button switch. 

Uvt – under voltade trip / 

၄၁-Thermal overload relay  တလုံး TRIP ၿဖစ္နိုင္တဲ႔ အခ်က္ေတြ ၅ ခ်က္ေလါက၇္ိွတယ္။တကယ္ OVERLOAD 
ၿဖစ္တါအပါအ၀င ္။ အဒဲါဘါေတြလ။ဲ 

1-OVERLOAD OR Single phase operation 

2-mal-adjustment of scale 



3-high switching frequency 

4-long motor starting time 

5-vibration of mounting panel  

ၿပဳတ္က်သင္႔ခ်ိန္ၿပဳတ္မက်၇င္ - MAL ADJUSTMENT , HEATER BURNOUT  

42-STARTER BOX တခုမွာပါတတ္တဲ႔ COMPONENT ေတြ ကဘါေတြလ။ဲ ၁၆ ခုေလါက၇္ိွတတ္တယ္။ အဒဲီထမွဲာ 
current transformer (CT) နဲ႔ transformer (T) ဘါကြြြါလဲ။ 

၁-Molded case circuit breaker(52),protect from overcurrent & short circuit current 

2-magnetic contactor (88) Motor circuit closing device 

3-overload relay (51) protect from overload 

4-aux relay ( 88x, 30 x, 4x, etc) control circuit switching relay 

5-time limit relay (2 T, 10 T, etc) relay operate with time limit 

6-keeping relay ( 4c,4t) relay which operation is keep machanically or magnetically 

7-power supply indicator lamp- WL- indicator 

8-operation indicator lamp – GL-indicator 

9-abnormal indicator lamp – RL – indicated abnormal 

10-start push button – 3C –  

11-stop push button – 3O 

12-change switch – 43 R – change operation with control circuit 

13-fuse – F - protect from short circuit 

14-ammeter – A- 

15-current transformer – CT- for ammeter 

16-tranformer – T –for control voltage step down  

43- UVP & UVR ဘါကြါလ/ဲ under voltage protection & undervoltage release / 

UVP – Undervoltage protection – when undervoltage – motor circuit auto open, when volt recover – 
motor does not start on that condition 



UVR – Undervoltage release – motor circuit auto open at undervoltage – when recover voltage – auto 
close & start without push start button , normally with starting timer (10T) 

44- SAFETY VALVE ၇ဲ႔ pop open action ကုိဘယ္လုိ၇တါလ။ဲsimmer point ဆုိတါဘါလ၊ဲ safety valve blow down 
ဆုိတါဘါလ။ဲသူတန္ဖုိးကုိဘယ္လုိေဖၚၿပလဲ။ safety valve blow down တန္ဖုိးမ်ား၇င္ဘါၿဖစ္မလဲ။ 

The discs used in rapid opening (pop type) safety valves are surrounded by a shroud, disc holder or 
huddling chamber which helps to produce the rapid opening characteristic. 

 The difference between the set pressure and this reseating pressure is known as the ‘blowdown’, 
It is usually specified as a percentage of the set pressure.  

 Blowdown = set pressure – reseating pressure 

 For compressible fluids, the blowdown is usually less than 10%, For liquids, it can be up to 
20%.(ေအါက္ကပံုမွာၿကည္႔၇င္ ္၄% ခ်ိန္ထါးတယ္။) 



၄၅-SCREW COMPRESSOR တခုမွာ DISCHARGE PRESSURE က ပံုမွန္ထက္ေနွးတဲ႔ rate နဲ႔ ေၿဖးေၿဖးၿခင္းနဲ႔ဘဲ 
တက္ေနတယ္။ ၿပီး၇င ္ လိုခ်င္တဲ႔သတ္မွတ္ PRESSURE မေ၇ာက္ခင ္ HIGH TEMPERATURE နဲ႔ ၇ပ္သြါးတယ္။ 
ပုံမွန္အါးၿဖင္႔ SUCTION VALVE ပြင္႔ၿပီး ခဏေန၇င ္လုိအပ္တဲ႔ SET PRESSURE ေ၇ာက္ၿပီး SUCTION VALVE UNLOAD 
ၿဖစ၇္မယ္။ ဒါဘါေၿကာင္႔လ၊ဲ 

46 - boiler mounting -Safety valves, Water level indicators, Water level controller 

Water level alarms & cut-out assembly, Remote water level transmitter, Main steam outlet valve, 
Pressure gauge & Pressure switches, Feed water valves, Burner assembly, Air vent, Water sampling 
valve, Manholes, mudholes & peepholes, Bottom blowdown valve, De-foaming (scum) valve, Furnace 
drain valve, Soot blowers 

၄၈-centrifugal pump တလံုး၇ဲ႔  output ၇ယ္။ rpm ၇ယ္။ torque ၇ယ္ဘယ္လိုဆက္နြယ္မွဳ၇ွိလ။ဲ 

Output varied with rpm x torque(ဒါက OCEAN TANKERS SMS က။) 

၄၉-centrifugal pump ကိိုစေမါင္း၇င္ဘါလုိ႔ အထြက္ဘါးကုိပိတ္ေမါင္းခုိင္းသလဲ 

Centrifugal pump radial thrust - The pump is designed for a radial load on the bearings, and as 
long as the pump performs at conditions not too far from the design point, the radial loading is 
accommodated. However, if the pump is operated at less than 30% or more than 120% of 
design capacity the radial load increases drastically, causing early failure of the bearings. More 
importantly, the unbalanced radial load can cause excessive shaft deflection in areas of fine 
running clearances, and eccentric loading of mechanical seals, resulting in leakage.  

၅၀-centrifugal pump တလုံးမွာ overloading, underloading ဆုိတါဘါလ။ဲ ၇ုိး၇ုိးေမၚတါနဲ႔ေမါင္းတဲ႔( variable speed 
motor မဟုတ္) centrifugal pump တလုံးဘယ္အခိ်န္မွာ overload ၿဖစ္ၿပီးဘယ္အခ်ိန္မွာ underload ၿဖစ္တတ္လ။ဲ 
underload ၿဖစ္၇င္ ပန္႔မွာဘါၿဖစ္မလ၊ဲ(ဒါလ ဲO.T SMS က ။ အၿပင္စါအုပ္ေတြထမဲေတြ႔ဘူး) 

Underload – high back pressure( heat develop at pump) overload – full output at low rpm, back pressure 
နတဲဲ႔ အခါ full rpm နဲ႔ ေမါင္း၇င္လဲ overload, 

၅၁-ဘါလုိ႔ tanker ေတြ၇ဲ႔ empty double bottom tank ကုိေ၇ၿဖည္႔၇င္ ၿဖစ္နိုင္၇င္ပန္႔မသံုးဘဲ gravity နဲ႔ၿဖည္႔ခုိင္းလ၊ဲ 

အေပၚကအတိုင္းဆုိ Pump overload ၿဖစ္ၿပီးပ်က္တတ္တယ္။ 

၅၂-tanker တစီး၇ဲ႔ centrifugal cargo pump တလုံး upper ball bearing & upper mechanical seal ပ်က္သြါးတါ 
claim လုပ္လုိ႔၇တဲ႔  အခ်ိိန္အတြင္းမုိ႔ service engineer က လါၿပင္ေပးၿပီး report ေ၇းေပးသြါးတယ္။အဒဲီမွာ - pump 
cannot be operated too much oil discharged compare to its speed( rpm )  and discharge pressure. 
ဆိုၿပီးေ၇းထါးတယ္။ အဒဲီလုိထပ္ၿပီးမၿဖစ္ေအါင ္သင္ေလ်ာ္တဲ႔ discharge pressure, pump rpm, discharge flow rate 
ကိုဘယ္လိ၇ုနိုင္မလ။ဲ 



Cavitation, pump performance curve။ NPSH ဆုိတဲ႔ NET PRESSURE SUCTION HEAD အဲဒါ လုိတါထက္နဲ၇င္
CAVITATION ၿဖစ္။ပန္႔ပ်က္

 Curve A shows the pump capacity, given in terms of flow rate (normally M3/hr), as a function of 
the head developed by the pump, given in terms of meters liquid column (mIc). This curve is 
called the pump characteristic. 



 Curve B shows the Net Positive Suction Head (NPSH) requirement for the pump as a function of 
flow-rate.The NPSH requirement at any flow rate is the positive head of fluid required at the 
pump suction over and above the cargo's vapour pressure to prevent cavitation at the impeller.  

 1.Adjust Trim & List to facilitate cargo flow 

 2. Pressurising the cargo tank with inert gas in tankers, or vapour in LPG carriers 

 3. Regular maintenance of pump wear ring 

 4. Reducing the flow rate by reducing speed or by throttling discharge valve and operating above 
NPSH 

5.Control cargo temperature to prevent boil off 



Centrifugal pump တလံုး၇ဲ႔ flow rate & NPSH curve ကုိ ဘယ္လိုအသံုးခ်မလ။ဲ 

၅၃- RA လုပ္မယ္။ risk control ေတြထည္႔မယ္။ risk control လုပ္တဲ႔ နည္းလမ္း ၁၁ ခုေလါက ္ကဘါေတြလ ဲ

၁-elimination,2-substitution by something less hazardous and risky,3-enclosure ( enclose the hazard in a 
way that  eliminates or controls the risk), 4-guarding / segregation of people,5-safe system of work that 
reduces the risk to an acceptable level, 6- written procedures that are known and understood by those 
effected, 7-review the blend of technical and procedural control, 8- adequate supervision,9-identification 
of training needs,10-information / instruction ( signs – hand –out) , 11- personal protective equipment ( 
last resort) – cannot be controlled by any other means. 

54-existing risk control ေတြ လုံေလါက္မွဳ၇ွိမ၇ွိ ဘယ္လုိစစ္မလဲ။ ဘယ္လုိစံခ်ိန္ေတြနဲ႔စစ္မလ။ဲ 

1-number of personnel exposed, 2-frequency and duration of exposure to the hazard, 3-effects of failure 
of power or water supply, 4-effects of failure of plant and machinery components and safety devices, 5-
exposure to the elements, 6- protection afforded by personal protective equipment and its limitations, 7- 
possibility of unsafe acts by person for example – who – a-may not know what the hazards are, b-may 
not have the knowledge, physical capacity, or skill to do the work, c-underestimate risks to which they 
are exposed, e-underestimate the practically and utility of safe working methods 

၅၅-RA process 

1-classify work activities,( plan and unscheduled maintenance, routine work, information about these 
activites )  2-indentify hazards and personnel at risk( is there  a source of harm, who could be harmed, 
how could harm occur ) , 3-estimate the risk( potential severity of harm, likelihood that harm will occur), 
4-identify existing risk controls, 5-decide the tolerability of the risks, 6- prepare risk control action plan, 7- 
review adequacy of action plan, 8- ensure RA and controls are effective and up to date( crew feedback, 
every 1 year periodic formal reviews, new hazard identified, conditions are changing ( expansion, 
contraction or restructuring of activities, relocation of responsibilites, change of methods of working or 
pattern  of behaviour, occurrence of hazardous event ) 

56-HOT WORK လုပ္မဲ႔ PLACE တခုအတြက္ standard for hot work ဆိုတါဘါလဲ

The place or compartment where hot work is proceeding shall be gas freed, Gas free condition means an 
atmosphere where the oxygen content is 21% and flammable gas concentration is not more than 1% 
LEL. 

၅၇-H့OT WORK လုပ္တဲ႔ေန၇ာကပ္၇ပ္ FUEL OIL BUNKER TANK တလုံးဟါ ဘယ္အခ်ိန္ထိ SAFE 
ၿဖစ္တယ္ယူဆနုိင္လဲ။ 



Adjacent fuel oil tank may be considered safe if tests give a reading of less than 1% LEL IN Vapour space 
of the bunker tank, and no heat transfer through the bulkhead of the bunker tank will be caused by the 
hot work. No heat transfer is deemed to occur if hot work is beyond 500 mm from the bulkhead. 

58-hotwork မလုပ္ခင္နဲ႔ လုပ္တံုး လုပ္ေန၇မဲ႔ safety measure ေတြ 

၁-လံုေလါက္တဲ႔ fire extinguishing equipment ေတြအသံုးၿ႔ပဳဖို႔အသင္႔အေနအထါး၇ွိမ၇ိ ွ ၂-fire watch ထါးမထါး ၃-
sufficient ventilation & lighting ၇ိွမ၇ွိ ၄-escape route သတ္မွတ္ထါးၿ႔ပီး တကယ္ ေဘးကင္းေအါင္လပု္ထါးလါး။ 
approved portable flash light ေတြ၇ွိမ၇ိ ွ ၅- hazard sign ေတြထါးမထါး ၆- explosion proof tool & light သုံးမသုံး။ 
၇-gas detection ကိ ုgas ၇ွိမ၇ိ ွသိနုိင္တဲ႔ေန၇ာေတြကေန regularly check  လုပ္မလုပ္

-သေဘါၤ water line ေအါက္တေန၇ာေပါက္လုိ႔ ေ၇၀င္ခဲ႔၇င္ သူ႔ေ၇၀င္ႏဳွန္းက အၿကမၤးဖ်င္း 

4.3 A √ D Tonnes/second 

A= AREA OF DAMAGE 

D=DEPTH OF DAMAGE BELOW THE WATERLINE 

၅၉-cargo tank ထ ဲhot work လုပ၇္မယ္ဆုိ၇င္ work area clean လုပ္၇မယ္။ sludge, sediment, စတဲ႔ flammable 
vapour emit လုပ္နုိင္တဲ႔ material ေတြ ဖယ၇္မယ္။ 

Interconnecting pipeline ေတြကုိ water flush လုပ္။ isolate လုပ္၇မယ္။ 

Cargo line ေတြကို inerted or water filled လုပ၇္မယ္။ 

Heating coil ကိ ုsteam blow လုပ္။ gas test လုပ္၇မယ္။ 

Adjacent fuel oil tank က 1% LEL In vapor space ၿဖစ္ၿပီး bulkhead ကေန ၅၀၀ mm ကြါ၇င ္၇တယ္။ 

Non inert ship 

လုပ္မဲေန၇ာကေတါ႔ gas free & continuously ventilate 

Adajcent tank including diagonally position cargo tank ေတြကုိ  hot work standard clean and gas free လုပ္
(ဒါမွမဟုတ္) ေ၇ၿဖည္႔ထါး 

Slop ေတြကုိ slop barge ကုိပို႔ (ဒါမွမဟုတ္) ၃၀ မီတါကြါ non adjacent tank also non diagonally tank  ကုိပို႔
အဖုံးပိတ္ထါး/ ပုိက္ေတြ isolate လုပ္ထါး 

For inert ships 

လုပ္မဲေန၇ာကေတါ႔ gas free & continuously ventilate 



Adajcent tank including diagonally position cargo tank ေတြကုိ  hot work standard clean and gas free လုပ္
HC vapour not more than 1% LEL  

(ဒါမွမဟုတ္) ေ၇ၿဖည္႔ထါး 

(ဒါမွမဟုတ္) Emptied, purged and HC vapour reduce to less than 2% by volume ေ၇ာက္ေအင္ purge 
လုပ္ၿပီး၇င္ inert gas ၿဖည္႔ထါး 

က်န္တဲ႔ cargo tank ေတြအကုန ္inert လုပ္ ။ deck opening closed 

တကယ္လုိ႔ hot work က cargo tank bulkhead ေပၚဒါမွမဟုတ္ ၅၀၀ mm အတြင္းဆုိတဖက္ other side cargo tank 
ကိ ုhot work standard clean & gas free 

Hot work လုပ္ေနတုံး inert gas pressure reduce – uncontrolled vent မၿဖစ္ေအါင္

အဒဲ ီhot work space ကိ၀ုင္တဲ႔ IG LINE ကုိ ၂% HC ထုထည္ ေ၇ာက္ေအါင္ PURGE လုပ္ ၿပီး ISOLATE လုပ္

Slop ေတြကုိ slop barge ကုိပို႔ (ဒါမွမဟုတ္) ၃၀ မီတါကြါ non adjacent tank also non diagonally tank  ကိုပို႔
အဖုံးပိတ္ထါး/ ပုိက္ေတြ isolate လုပ္ထါး။ အဒီဲ SLOPTANK IG MAIN ကို ISOLATE လုပ္

CARGO TANK DECK AREA 

Tank deck ၇ဲ႔ 500 mm အတြင္းဆို within tank hot work လိုလုပ္။ 

cargo tank ထ ဲ hot work လုပ္၇မယ္ဆို၇င ္ work area clean လုပ၇္မယ္။ sludge, sediment, စတဲ႔ flammable 
vapour emit လုပ္နုိင္တဲ႔ material ေတြ ဖယ၇္မယ္။ 

Interconnecting pipeline ေတြကုိ water flush လုပ္။ isolate လုပ္၇မယ္။ 

Cargo line ေတြကို inerted or water filled လုပ၇္မယ္။ 

Heating coil ကိ ုsteam blow လုပ္။ gas test လုပ္၇မယ္။ 

The place or compartment where hot work is proceeding shall be gas freed, Gas free condition means an 
atmosphere where the oxygen content is 21% and flammable gas concentration is not more than 1% 
LEL. 

၅၀၀ mm အထက္ 

Radius 30 meter အတြင္း၇ွိ cargo tank , slop tank ေတြကုိ

Adajcent tank including diagonally position cargo tank ေတြကုိ  hot work standard clean and gas free လုပ္
HC vapour not more than 1% LEL (ဒါမွမဟုတ)္ ေ၇ၿဖည္႔ထါး(ဒါမွမဟုတ္) 



Emptied, purged and HC vapour reduce to less than 2% by volume ေ၇ာက္ေအင္ purge လုပ္ၿပီး၇င္ inert gas 
ၿဖည္႔ထါး 

က်န္တဲ႔ cargo tank ေတြအကုန ္inert လုပ္ ။ deck opening closed 

Non IG ship 

30 meter adjacent & diagonally positioned cargo tank  

Hot work standard clean & gas free ( OR) 

Completely fill with water 

Slop ေတြကုိ slop barge ကုိပို႔ (ဒါမွမဟုတ္) ၃၀ မီတါကြါ non adjacent tank also non diagonally tank  ကိုပို႔
အဖုံးပိတ္ထါး/ ပုိက္ေတြ isolate လုပ္ထါး။  

Vapour or vent line to compartment should be ventilate to not more than 1% LEL and isolate 

60-mitsubishi MAC 25 B BOILER ၇ဲ႔ WATER WALL TUBES ေတြစစ္ဖုိ႔ FURNACE အထ၀ဲင္၇မယ္။ဘါေတြလုပ၇္မလ၊ဲ 

IMO Resolution A.1050(27) – Revised Recommendations for Entering Enclosed Spaces Aboard Ships 

2.1. Enclosed space means a space which has any of the following characteristics:  

.1. limited openings for entry and exit;  

.2. inadequate ventilation; and  

.3. is not designed for continuous worker occupancy,  

and includes, but is not limited to, cargo spaces, double bottoms, fuel tanks, ballast tanks, cargo pump-
rooms, cargo compressor rooms, cofferdams, chain lockers, void spaces, duct keels, inter-barrier spaces, 
boilers, engine crankcases, engine scavenge air receivers, sewage tanks, and adjacent connected spaces. 
This list is not exhaustive and a list should be produced on a ship-by-ship basis to identify enclosed
spaces.  

2.2. Adjacent connected space means a normally unventilated space which is not used for cargo but 
which may share the same atmospheric characteristics with the enclosed space such as, but not limited 
to, a cargo space accessway 

7 Testing the Atmosphere  

7.1. Appropriate testing of the atmosphere of a space should be carried out with properly calibrated 
equipment by persons trained in the use of the equipment. The manufacturers’ instructions should be 
strictly followed. Testing of the space should be carried out before any person enters the space and at 



regular intervals thereafter until all work is completed. Where appropriate, the testing of the space should 
be carried out at as many different levels as is necessary to obtain a representative sample of the 
atmosphere in the space. In some cases it may be difficult to test the atmosphere throughout the 
enclosed space without entering the space (e.g. the bottom landing of a stairway) and this should be 
taken into account when assessing the risk to personnel entering the space. The use of flexible hoses or 
fixed sampling lines, which reach remote areas within the enclosed space, may allow for safe testing 
without having to enter the space.  

7.2. For entry purposes, steady readings of all of the following should be obtained:  

.1. 21% oxygen by volume by oxygen content meter;  

Note:

National requirements may determine the safe atmosphere range.  

.2. not more than 1% of lower flammable limit (LFL) on a suitably sensitive combustible gas indicator, 
where the preliminary assessment has determined that there is potential for flammable gases or vapours; 
and  

.3. not more than 50% of the occupational exposure limit (OEL) see footnote of any toxic vapours and gases.  

If these conditions cannot be met, additional ventilation should be applied to the space and re-testing 
should be conducted after a suitable interval.  

7.3. Any gas testing should be carried out with ventilation to the enclosed space stopped, and after 
conditions have stabilized, in order to obtain accurate readings 

8 Precautions During Entry  

8.1. The atmosphere should be tested frequently whilst the space is occupied and persons should be 
instructed to leave the space should there be a deterioration in the conditions.  

8.2. Persons entering enclosed spaces should be provided with calibrated and tested multi-gas detectors 
that monitor the levels of oxygen, carbon monoxide and other gases as appropriate.  

8.3. Ventilation should continue during the period that the space is occupied and during temporary 
breaks. Before re-entry after a break, the atmosphere should be re-tested. In the event of failure of the 
ventilation system, any persons in the space should leave immediately.  

8.4. Particular care should be exhibited when working on pipelines and valves within the space. If 
conditions change during the work, increased frequency of testing of the atmosphere should be 



performed. Changing conditions that may occur include increasing ambient temperatures, the use of 
oxygen-fuel torches, mobile plant, work activities in the enclosed space that could evolve vapours, work 
breaks, or if the ship is ballasted or trimmed during the work.  

8.5. In the event of an emergency, under no circumstances should the attending crew member enter the 
space before help has arrived and the situation has been evaluated to ensure the safety of those entering 
the space to undertake rescue operations. Only properly trained and equipped personnel should perform 
rescue operations in enclosed spaces 

9 Additional Precautions for Entry into a Space where the Atmosphere is Known or Suspected to be Unsafe  

9.1. Spaces that have not been tested should be considered unsafe for persons to enter. If the 
atmosphere in an enclosed space is suspected or known to be unsafe, the space should only be entered 
when no practical alternative exists. Entry should only be made for further testing, essential operation, 
safety of life or safety of a ship. The number of persons entering the space should be the minimum 
compatible with the work to be performed.  

9.2. Suitable breathing apparatus, e.g. of the air-line or self-contained type, should always be worn, and 
only personnel trained in its use should be allowed to enter the space. Air-purifying respirators should not 
be used as they do not provide a supply of clean air from a source independent of the atmosphere within 
the space.  

9.3. Persons entering enclosed spaces should be provided with calibrated and tested multi-gas detectors 
that monitor the levels of oxygen, carbon monoxide and other gases as appropriate.  

9.4. Rescue harnesses should be worn and, unless impractical, lifelines should be used.  

9.5. Appropriate protective clothing should be worn, particularly where there is any risk of toxic 
substances or chemicals coming into contact with the skin or eyes of those entering the space.  

9.6. The advice in paragraph 8.5 concerning emergency rescue operations is particularly relevant in this 
context 

61-TURBINE တခု၇ဲ႔ STEAM SENTINEL VALVE ကဘါလို႔တပ္ထါးတါလ၊ဲ 

EXHAUST PRESSURE ABNORMALLY RAISE ၇င ္ အခ်က္ေပးတယ္။ STEAM ေတြကို BLOW UP လုပ္မယ္။BACK 
PRESSURE TRIP အလုပ္စမလုပ္ခင္။ 

62-4 stroke အင္ဂ်င္ေတြအတြက္ MILLER CYCLE ဆုိတါဘါလဲ။  



္ miller cycle သံုး၇င္ ႔ imep, thermal efficiency & work ေတြကၿမင္႔မါးပါတယ္။ 

SUCTION VALVE ပိတ္တဲ႔အခ်ိန္ကုိေစါေပ;ၿ႔ပီး(OR) ေနာက္က်ၿပီး- expansion stroke ကုိ suction stroke 
ထက္မ်ားေအါင္လုပ္ယူတါ 

၆၃-feed forward control ဆိုတါဘါလ။ဲ ဘိုြင္လါ water level control အခ်ိဳ႔မွာပါတတ္တယ္။ အဒဲ ီ feed forward 
control က အၿမအဲလုပ္လုပ္ေနတါလါး။တခါတေလမ၀ွင္အလုပ္လုပ္တါလါး။ တခါတေလမွဆိ၇ုင္ဘယ္အခ်ိန္မွါလ။ဲ 

STEAM PRESSURE အ၇မ္းကစါးတဲ႔အခါက်မ၀ွင္တါမ်ားတယ္။ ပုံမွန္ဆုိသူမပါဘထိဲန္းေန။ 

၆၄-6MAK43 - အင္ဂ်င ္က 4 STROKE , IMPULSE T/C SYSTEM ၿဖစ္ေပမဲ႔ EXHAUST MANIFOLD က CONSTANT 
T/C SYSTEM လိုဘ ဲMANIFOLD တခုဘဲပါတယ္။ အဲဒါကုိ ဘါ PULSE SYSTEM လုိ႔ေခၚလ။ဲ 

modular pulse converter system for turbocharger သုံးထါးတယ္

၆၅-SCUFFING ဆုိတါဘါလဲ။ ဘါလုိ႔ၿဖစ္တါလ။ဲ 

အ၇င ္MEK GEK 1 မွာ၇ွာၿကည္႔

၆၆-MAN B&W ကေၿပာတါ BORE POLISH ၂ မ်ိဳး၇ွိတယ္တဲ႔။ အဒဲါက ဘါေတြလ။ဲ ဘါေၿကာင္႔ၿဖစ္လါ၇တါလဲ၊ 

MECHANICAL BORE POLISH, - PISTON ထပိ္က ဂ်ီးေတြေၿကာင္႔ CYL LUBRICATION ကုိပ်က္ေစလုိ႔ BORE POLISH 
ၿဖစ္တါ 

ေနာက္တမ်ိဳးက COLD CORROSION ကုိလုံး၀တိုက္ဖ်က္လုိက္လုိ႔ လုိင္နာ BORE POLISH ၿဖစ္တါ 

၆၇- WOODWARD GOVERNOR သံုး  4 STROKE ENGINE ေတြမွာ ပထမတခါအင္ဂ်င္နိုးလို႔မနိုး၇င ္STARTING AIR 
ဘယ္ေလါက္၇ိွ၇ွိ တမိနစ္ေလါက္ေစါင္႔ၿပီးမ ွထပ္နိုး၇တယ္။အဒဲါဘါလို႔လ။ဲ 

START FUEL LIMIT နဂုိေန၇ာၿပန္ေ၇ာက္ေအါင္ေစါင္႔၇လို႔

တါဘိုပါတဲ႔ millercyleပံု

 inlet valve early close = 6-7-1-7-2-3-4-5-6 

            Inlet valve late close – 6-7-8-7-2-3-4-5-6 



၆၈-(life boat က 4 stroke engine fuel pump  ၇ဲ႔ plunger) နဲ႔ ( 1000 KW/cylinder output ၇ွိတဲ႔ MARPOL ANNEX 
VI Tier 1- main engine 4 stroke fuel pump ၇ဲ႔ plunger) – helix ဘယ္လိကုြါနိုင္လ၊ဲ 

အင္ဂ်င္ၿကီးက HELIX -၂ ခုပါ 

69-boiler flash up လုပ၇္င္ - vent valve ကုိဘယ္အခ်ိန္ပိတ္၇မလ။ဲ ဘါလုိ႔လ၊ဲ 

တကယ္က ၂ BAR ( ေလထုဖိအါးထက္ပိုမ်ားမွ) ပိတ္သင္႔တယ္။ အထဲကေလေတြကုန္မ ွOXYGEN PITTING မၿဖစ္မွာ 

ဘုိြင္လါ 

Master boiler က slave boiler နတဲြဲလုိ႔ၿဖစ္ၿဖစ္။သူဟါသူၿဖစ္ၿဖစ္ operate လုပ္တယ္။slave boiler က master boiler 
load 60%ေလါက္မွာစတယ္။ ၂၀% ေလါက္မွာ၇ပ္တယ္။ဘယ္လုိဘဲ၇ပ္၇ပ္ master boiler steam pressure same level 
ေ၇ာက္တဲ႔အထိေတါ႔ run တယ္။ဒိေတါ႔ master boiler steam drum pressure ကိုဘဲေၿပာင္းေပးဘုိ႔လိုတယ္။ 

A.C.C Siganal ဆုိတါ steam drum pressure ပါဘ၊ဲ automatic combustion control signal ပါဘဲ။ ဒါနဲ႔ master 
boiler ကိ ုstart / stop လုပ္တယ္။ 

Master/slave mode ေ၇ြးလုိက္တါနဲ႔ slave boiler start / stop က master boiler load ေပၚတည္ၿပီး လုပ္တယ္။ အဲဒီ

load က fuel oil pressure ေပၚမူတည္တြက္တယ္။( 60% load = 10 bar f.o pressure, 20% load = 4 bar fuel oil 

pressure ) 

ပုံမွန္အါးၿဖင္႔ boiler pressure 5 မေက်ာ္၇င္ ACC Mode မေ၇ြးနုိင္ဘဲ manual နဲ႔ဘ ဲမီးထုိးနုိင္တါမ်ားပါတယ္။(ဒါက 

မါစတါကြန္ထ၇ိွလါမွာ ေ၇ြးနိုင္ပါတယ္။ေအါက္မွာ SET POINT ေတြၿပထါးပါတယ)္ 

Slave & A.C.C ၂ ခုလုံးသံုးခဲ႔၇င္ MASTER BOILER LOAD & SLAVE BOILER S.D PRESSURE SET ၂ 

ခုလံုးေပၚတည္ၿပွီး START / STOP လုပ္ပါတယ္။၇ပ္တါကေတါ႔master boiler load ၇ယ္။ MASTER BOILER STEAM 

PRESSURE STOP SET POINT အတုိင္း၇ပ္ပါတယ္။ 



A.B.C  ဆိုတဲ႔ AUTOMATIC BOILER CONTROL SYSTEM တခုမွာ A.C.C ဆုိတဲ႔ AUTOMATIC COMBUSTION 

CONTROL ၇ယ္။ F.W.R ဆုိတဲ႔  AUTOMATIC  FEED WATER CONTROL SYSTEM ပါပါတယ္။ 

တခါ A.C.C. ကုိ MASTER CONTROLLER & AIR FLOW CONTROLLER ၇ယ္နဲ႔ဖြဲ႔စည္းထါးတယ္။ 

A.C.C system တခုဟါ  

Fuel injection လုပ္တဲ႔ပမါဏ ၇ယ္ အဒဲ ီဆီအတြက္  combustion air quantity ကုိ လုိအပ္တဲ႔ steam presssure 

ကိုထိန္းထါးဖို႔ ထုတ္ေပး၇မဲ႔ steam flow rate ေပၚမူတည္ၿ႔ပီး တြက္ထုတ ္ေပးပါတယ္။ 

Mater controller loop – ဒ ီဟါက master boiler’s steam pressure ကုိ master boiler set pressure set point 

နဲ႔ယွဥ္ပါတယ္။ၿ႔ပီး၇င္သ၇ူဲ႔ P+I Operation သုံးၿပီး F.O Flow control signal ( load signal ) ကုိ ထူတ္ေပးၿပီး deviation 

zero ေ၇ာက္တဲ႔အထိထိန္းပါတယ္။ 





  Item No.1 No.2 Description Remarks 
PARA ဒါက မါစတါ ကြန္ထ၇ုိလါ ၇ဲ႔ SETTING ေတြပါ။
15 Et 1 1 1 Event 1 type : Reverse PV Not changeable
17 Et 2 1 1 Event 2 type : Reverse PV     Not changeable 
19 Et 3                 
21 Et 4 0 0 Event 4 type : Direct PV Not changeable
23 Et 5 0 0 Event 5 type : Direct PV     Not changeable 
25 Et 6 0 0 Event 6 type : Direct PV     Not changeable 
27 Et 7 1 1 Event 7 type : Reverse PV     Not changeable 
29 Et 8 0 0 Event 8 type : Direct PV Not changeable
SETUP                 
6 C6 64 64 All Input range type (4-20mA)     Not changeable 
7 C7 1 1 All Linear input decimal point position Not changeable
8 C8 0 0 All Linear input low limit (0%) Not changeable
9 C9 25 25 All Linear input high limit (100%)     Not changeable 
16 C16 2 2 LSP setting : 8 LSPs are used.     Not changeable 
17 C17 0 0 Low limit of SP limit Not changeable
18 C18 25 25 High limit of SP limit       Not changeable 
26 C26 10 10 Control output quantity in READY mode    Changeable 
42 C42 10 10 RSW1 assignment: LSP number 1 selection   Not changeable 
43 C43 11 11 RSW2 assignment: LSP number 2 selection Not changeable
44 C44 12 12 RSW3 assignment: LSP number 4 selection Not changeable
45 C45 1 1 RSW4 assignment: READY     Not changeable 
PID
1 P-0 25 25 Proportional band (%) 16K Mode Changeable
2 I-0 70 70 Integral time (sec)     "  Changeable 
3 d-0 0 0 Derivative time (sec)     "  Changeable 
4 oL-0 11 11 Low limit of PID output (2.8kg/cm2) " Changeable
5 oH-0 52 52 High limit of PID output (14kg/cm2) "  Changeable 
11 P-1 20 20 Proportional band (%)     6K Mode  Changeable 
12 I-1 60 60 Integral time (sec)     "  Changeable 
13 d-1 0 0 Derivative time (sec) " Changeable
14 oL-1 10 10 Low limit of PID output (2.8kg/cm2) "  Changeable 
15 oH-1 20 20 High limit of PID output (7.5kg/cm2) "  Changeable 
21 P-2 100 100 Proportional band (%) IGS Mode NOT USE
22 I-2 0 0 Integral time (sec) " NOT USE
23 d-2 0 0 Derivative time (sec)     " NOT USE 
24 oL-2 0 0 Low limit of PID output    " NOT USE 
25 oH-2 100 100 High limit of PID output " NOT USE
41 P-4 25 25 Proportional band (%)               Slave startup  Changeable 



42 I-4 70 70 Integral time (sec) " Changeable
43 d-4 0 0 Derivative time (sec)     "  Changeable 
44 oL-4 11 11 Low limit of PID output    "  Changeable 
45 oH-4 50 50 High limit of PID output " Changeable

Item No.1 No.2 Description Remarks
EV         
1 E1 13.5 13.5 Master Boiler Start (13.5kg/cm2)      Changeable 
2 E2 13.5 13.5 Slave Boiler Start (13.5kg/cm2) Changeable
3 E3
4 E4 5.0 5.0 ACC IN (5kg/cm2)(        Changeable 
5 E5 5.5 5.5 BLR Low Press Alarm (5.5kg/cm2)      Changeable 
6 E6 14.5 14.5 Slave Boiler Stop (16.5kg/cm2) Not changeable
7 E7 6.5 6.5 6K Mode Boiler  Start (5.5kg/cm2)      Changeable 
8 E8 11.0 11.0 Slave Boiler Start Enable (11kg/cm2)   Not changeable 

Event 1 hysteresis,(START& 
STOPအၿကားကြါၿခားတဲ႔PRESSURE)        Changeable 

9 Hys 1 3.4 3.4 Master Boiler Stop(17.0kg/cm2)       
Event 2 hysteresis, Changeable

10 Hys 2 2.9 2.9 Slave Boiler Stop(16.6kg/cm2)
11 Hys 3                 
12 Hys 4 1.0 1.0 Event 4 hysteresis, Signal off (4.5kg/cm2)    Changeable 
13 Hys 5 0.0 0.0 Event 5 hysteresis, Signal off (4.5kg/cm2) Changeable
14 Hys 6 2.0 2.0 Event 6 hysteresis, Signal off (16.5kg/cm2) Not changeable
        Event 7 hysteresis,         Changeable 

15 Hys 7 1.4 1.4 6K Mode Boiler  Stop(7.6kg/cm2)      Changeable 
16 Hys 8 1.0 1.0 Event 8 hysteresis, Signal off (10.0kg/cm2) Not changeable
SP

0 SP 0 15.0 15.0 LSP0 value, 16K Mode        Changeable 
1 SP 1 7.0 7.0 LSP1 value, 6K Mode Changeable
2 SP 2 0.0 0.0 LSP2value, IGS Mode Changeable
4 SP 4 15.2 15.2 LSP4 value, Slave Boiler Start-up      Changeable 

SP No.                   
0 SP 0 0.0 0.0 LSP0 value, 16K Mode Not changeable
1 SP 1 1.0 1.0 LSP1 value, 6K Mode       Not changeable 
2 SP 2 0.0 0.0 LSP2value, IGS Mode       Not changeable 
4 SP 4 4.0 4.0 LSP4 value, Slave Boiler Start-up     Not changeable 



အေပၚကဟါ က မါစတါကြန္ထ၇ိုလါ ပါ။ သူကုိၿကည္႔၇င္ steam press tx ဆုိတဲ႔ steam pressure signal (master s.d) 

က ၃၁ ကုိ၀င္ပါတယ္။SET POINT ကေတါ႔ SP1 , SP 3 ပါဘ။ဲ ACC IN ဆုိတါ Auto combustion control 

တင္ထါး၇ဲ႔လါးစစ္တါ။(EV1) SLAVE BLR STB BY, START STOP က EV2 မွာ။ စသၿဖင္႔ ပါပါတယ္။LOAD SIGNAL က 

ေတါ႔ 94 5P,94 6P ကထြက္ပါတယ္။ 

သ၇ူဲ႔ sub loop ေတြက အေပၚ CASCADE CONTROL ပုံမွာၿပထါးတဲ႔အတိုင္း air flow signal ,  load signal ယွဥ္လို႔ နဲ႔တဲ႔ 

master controller signal ိတုိ႔ကိ ုယူၿ႔ပီး fuel flow controller ဆီပိုပါတယ္။ ဒီ controller  က တုိင္းလုိ႔၇တဲ႔

ဆီဖလုိး၇ယ္။လုိခ်င္တဲ႔ ဆီဖလိုး၇ယ္ကုိ တူလါေအါင္ထိန္းပါတယ္။ဒါေၿကာင္႔ input 3 ခ၇ွိုပါတယ္။အဒဲ ီ၃ ခုထကဲ

ၿကိုက္တါတခုကိ ုdisplay မွာၿပေအါင္ C17 မွာ set လုပ္နုိင္ပါတယ္။



အေပၚက F.O FLOW CONTROLLER ပါ။INPUT ေတြက AI1-F.O PRESSURE TX ကလါတဲ႔ ဆီပ၇က၇ွ္ာSIGNAL ၃၁ နဲ႔

၃၃ ပါ။MASTER CONTROLLER ကလါတဲ႔ LOAD SIGNAL AI2 ပါ။945P& 946P ပါ။CASCADE CONTROL 

FUNCTION ပါေတါ႔ AI3 AIR FLOW SIGNAL က ၂၆ နဲ႔ ၂၇ က၀င္ပါတယ္။

Item No.1 No.2 Description Remarks
SETUP  ဒါက F.O CONTROLLER SETTING ေတြပါ

10 C10 64.0 64.0 Input 1 range type (4-20mA)  Not changeable 
14 C14 1.0 1.0 Input 2 range type (1-5V)  Not changeable 

IN
3 IN03[1] 0.0 0.0 F.O press, low limit 0%  Not changeable 
4 IN04[1] 25.0 25.0 F.O press, high limit 100%  Not changeable 
14 IN14[1] 5.0 5.0 Digital filter (sec)  
18 IN03[2] 0.0 0.0 Load signal, low limit 0% Not changeable

19 IN04[2] 
100.

0 
100.

0 Load signal, high limit 100%  Not changeable 
29 IN14[2] 1.0 1.0 Digital filter (sec) Changeable
33 IN03[3] 0.0 0.0 Air flow, low limit 0%  Not changeable 

34 IN04[3] 
100.

0 
100.

0 Air flow, high limit 100%  Not changeable 
44 IN14[3] 1.0 1.0 Digital filter (sec)   Changeable 



PID
1 P-1 45.0 45.0 Proportional band (%)   Changeable 
2 I-1 80.0 80.0 Integral Time (sec)   Changeable 
3 d-1 0.0 0.0 Derivative time (sec) Changeable
4 rL-1 5.0 5.0 Integral lower limit (sec)   Changeable 

5 rH-1 
100.

0 
100.

0 Integral upper limit (sec)   Changeable 
p.pArA

1 PPA 03 10.0 0.0 Slave boiler load up rate  Not changeable 
2 PPA 04 -10.0 10.0 Slave boiler load down rate   Changeable 
3 PPA 05 88.0 12.0 Load signal, high limit Not changeable
4 PPA 06 11.0 14.0 Load signal, low limit    Changeable 
5 PPA 07 11.0 16.0 Load signal  set in ready   Changeable 
6 PPA 13 90.0 20.0 PID output high limit Changeable
7 PPA 14 30.0 24.0 PID output low limit    Changeable 
8 PPA 15 33.0 28.0 Oil ignition position   Changeable 
9 PPA 17 45 32 Slave boiler start limit(11.25kg/cm2, F.O)   Changeable 
10 PPA 18 25 36 Diff. Zone, Slave stop limit (6.25kg/cm2) Changeable
11 PPA 21 50 40 Ignition position high limit  Not changeable 
12 PPA 22 1 44 Diff. Zone  Not changeable 
13 PPA 23 40 48 Manual output up rate Changeable
14 PPA 24 -40 52 Manual output down rate Changeable
15 PPA 34 11 56 Load signal  set in ready   Changeable 
16 PPA 35 40 56 Load signal up rate (F.O)   Changeable 
18 PPA 36 -55 3.2 Load signal down rate (F.O) Changeable
18 PPA 37 55 3.2 Load signal up rate (Air)   Changeable 
19 PPA 38 -50 3.7 Load signal down rate (Air)   Changeable 

t.pArA    
1 TPA 01 0 5 Load signal ACC IN time delay (sec) Changeable

Hot start ဆုိတဲ႔ boiler ပုံမွန္ မီးထုိး warm up အေၿခအေန ကေန S.D Pressure ကို ၅ kg ကေန ၁၆ KG ကုိတင္တဲ႔အခါ

RISE RATE ကုိ MASTER CONROLLER မွာ SET လုပ္နိုင္ပါတယ္။

Master S.D pressure ေပၚမူတည္ၿ႔ပီး burner ကု္ိ ေအၚတုိ ignite & shut down လုပ္ဖို႔ burner on off control sub 

loop ပါပါတယ္။ 



အခ်ိ ႔ဳက steam dump control ကုိ boiler control panel ကလုပ္တတ္ပါတယ္။  

Load limiter circuit - ဆိုတါကေတါ႔ air flow signal ေနာက္က လုိက္နုိင္တါကုိ မူတည္ၿပီး load signal 
increment ကိ ုlimit လုပ္တဲ႔ circuit ၿဖစ္ပါတယ္။ 

Burner ignition set circuit ဆုိတါ burner ignition sequence ကုိလိုက္ၿပီး F.O Control valve ကုိဖြင္႔ေပးတဲ႔ 
circuit ၿဖစ္ပါတယ္။  

Air flow controller က windbox differential pressure ကိ ုတုိင္းယူၿပီး သူကိုေပးတဲ႔ F.O Flow control signal 
ကိုမူတည္ၿပီး သူထထဲည္႔ထါးတဲ႔ tbl program အ၇ထ္ိန္းပါတယ္။သူ၇ဲ႔ output က F.D Fan ကိုိထ္ိန္းတဲ႔ actuator ကို
ေမါင္းပါတယ္။လုိအပ္၇င္ AIR BIAS ထည္႔ေပးလို႔၇ပါတယ္။သူကေတါ႔ input 2 ခုဘပဲါပါတယ္။ F.O flow controller 
ကတြက္ထုတ္ေပးလုိက္တဲ႔ f.o signal ၇ယ္။တုိင္းလုိ႔ ၇တဲ႔ windbox differential pressure signal ၇ယ္ ၂ ခုထပဲါဘဲ 

အေပၚက AIR FLOW CONTROLLER မွာ AIR FLOW SIGNAL က ၃၁ က၀င္ပါတယ္။CASCADE FUNCTION ပါေတါ႔
F.O FLOW SIGNAL က ၂၈ နဲ႔ ၂၉ က၀င္ပါတယ္။ ၿ႔ပီးေတါ႔ CASCADE FUNCTION အတုိင္းတြက္ခ်က္ထြက္လါတဲ႔ A01 
F.D FAN ACTUATOR အတြက ္အထိန္း SIGNAL က ၁၁ န႔ဲ ၁၂ ကထြက္ပါတယ္။ 

  Item No.1 No.2 Description Remarks 
SETUP  ဒါက AIR FLOW CONTROLLER အတြက္ SETTING 



10 C10 64.0 64.0 Input 1 range type (4-20mA) Not changeable
14 C14 0.0 0.0 Input 2 range type (4-20mA)    Not changeable 

IN    
3 IN03[1] 0.0 0.0 Air flow, low limit 0% Not changeable
4 IN04[1] 350.0 350.0 Air flow, high limit 100%    Not changeable 
14 IN14[1] 4.0 4.0 Digital filter (sec)       Changeable 
18 IN03[2] 0.0 0.0 F.O flow, low limit 0%      Not changeable 
19 IN04[2] 100.0 100.0 F.O flow, high limit 100% Not changeable
29 IN14[2] 1.0 1.0 Digital filter (sec)       Changeable 
33 IN03[3] 0.0 0.0 Load signal, low limit 0%    Not changeable 
34 IN04[3] 100.0 100.0 Load signal, high limit 100% Not changeable
44 IN14[3] 1.0 1.0 Digital filter (sec) Changeable

PID    
1 P-1 125.0 90.0 Proportional band (%)       Changeable 
2 I-1 20.0 20.0 Integral Time (sec) Changeable
3 d-1 0.0 0.0 Derivative time (sec) Changeable
4 rL-1 0.0 0.0 Integral lower limit (sec)     Changeable 
5 rH-1 100.0 100.0 Integral upper limit (sec)     Changeable 

tbL Changeable
TBL 1 : Air/Fuel rate curve Data

1 tL.A01 0.0 0.0 F.O quantity(%) point A01 of TBL 1   Changeable 
2 tL.A02 10.0 10.0 F.O quantity(%) point A02 of TBL 1 Changeable
3 tL.A03 12.0 12.0 F.O quantity(%) point A03 of TBL 1 Changeable
4 tL.A04 14.0 14.0 F.O quantity(%) point A04 of TBL 1   Changeable 
5 tL.A05 16.0 16.0 F.O quantity(%) point A05 of TBL 1   Changeable 
6 tL.A06 20.0 20.0 F.O quantity(%) point A06 of TBL 1 Changeable
7 tL.A07 24.0 24.0 F.O quantity(%) point A07 of TBL 1   Changeable 
8 tL.A08 28.0 28.0 F.O quantity(%) point A08 of TBL 1   Changeable 
9 tL.A09 32 32 F.O quantity(%) point A09 of TBL 1   Changeable 
10 tL.A10 36 36 F.O quantity(%) point A10 of TBL 1 Changeable
11 tL.A11 40 40 F.O quantity(%) point A11 of TBL 1   Changeable 
12 tL.A12 44 44 F.O quantity(%) point A12 of TBL 1   Changeable 
13 tL.A13 48 48 F.O quantity(%) point A13 of TBL 1 Changeable
14 tL.A14 52 52 F.O quantity(%) point A14 of TBL 1 Changeable
15 tL.A15 56 56 F.O quantity(%) point A15 of TBL 1   Changeable 
16 tL.A16 56 56 F.O quantity(%) point A16 of TBL 1   Changeable 

18 tL.b01 3.2 3.2 Air flow quantity(%) point B01 Changeable



of TBL 1

19 tL.b02 4.2 3.7 
Air flow quantity(%) point B02 
of TBL 1  Changeable 

20 tL.b03 5.3 4.6 
Air flow quantity(%) point B03 
of TBL 1  Changeable 

21 tL.b04 6.8 5.7 
Air flow quantity(%) point B04 
of TBL 1  Changeable 

22 tL.b05 8.6 7.2
Air flow quantity(%) point B05 
of TBL 1 Changeable

23 tL.b06 13.1 11.4 
Air flow quantity(%) point B06of 
TBL 1  Changeable 

24 tL.b07 19.4 15 
Air flow quantity(%) point B07of 
TBL 1  Changeable 

Item No.1 No.2 Description Remarks
25 tL.b08 25.4 21.4 Air flow quantity(%) point B08 of TBL 1 Changeable
26 tL.b09 32 28.6 Air flow quantity(%) point B09 of TBL 1         Changeable 
27 tL.b10 40 35.4 Air flow quantity(%) point B10 of TBL 1 Changeable
28 tL.b11 46 45.7 Air flow quantity(%) point B11 of TBL 1 Changeable
29 tL.b12 52.8 52 Air flow quantity(%) point B12 of TBL 1         Changeable 
30 tL.b13 59.4 59.1 Air flow quantity(%) point B13 of TBL 1         Changeable 
31 tL.b14 65.2 65.6 Air flow quantity(%) point B14 of TBL 1 Changeable
32 tL.b15 72.8 71.4 Air flow quantity(%) point B15 of TBL 1         Changeable 
33 tL.b16 72.8 71.4 Air flow quantity(%) point B16 of TBL 1         Changeable 

အဒဲီအေပၚက SETTING ေတြ TABLE ေတြၿကည္႔၇င္ CASCADE MODE ထိန္းတဲ႔ AIR CONTROLLER & F.O 
CONTROLLER က အေ၇းၿကီးေၿကာင္းေတြရမယ္။SET POINT ေတြက လ ဲR.S.T ေခၚတဲ႔ REMOTE SET POINT 
ေတြၿဖစ္ေနတါေတြ႔၇မယ္။ဒါေၿကာင္႔ ဒ ီCONTROLLER မ်ိဴး၀ယ၇္င္ SOFTWARE ပါတြဲ၀ယ၇္တယ္။မဟုတ္ဆိ၇ုင္
အသစ္၀ယ္လဲ SOFTWARE မပါေတါ႔ ေမါင္းလုိ႔မ၇တါမ်ားတယ္။ 

အခ်ိဳ႔ ဘိြဳ င္လါေတြမွာ EXCESS AIR RATIO ကုိ ၀.၅ ကေန ၁.၅ ခ်ိန္လုိ႔၇ပါတယ္။ 



A.B.C မွာ A.C.C ၇ယ္။F.W.C ၇ယ္ပါလုိ႔ F.W CONTROL LOOP ကလအဲေ၇းၿကီးပါတယ္။

2 element with feed forward - feed water flow ကုိ feed back မယူဘဲ drum level controller( အဲဒိမွာေတါ႔ feed 
back ပါပါတယ)္အထြက္နဲ႔ steam flow signal ၂ ခုကုိ summer လုပ္လုိ႔ ၇တဲ႔ output နဲ႔ တိုက္၇ိုက္feed water control 
valve ကုိ  control လုပ္လုိ႔ feed forward ၿဖစ္ပါတယ္။ သူမွာ မေကါင္းတါက feed water flow မမွန္ခဲ႔၇င္ drum 
pressure အေၿပာင္းအလ ဲၿဖစ္မွာမို႔ level ကလ ဲလိုက္ကစါးမွာၿဖစ္ပါတယ္။

3 elements, feed forward, cascade loop control

Steam demand  ၇ုတ္တ၇က္ တက္၇င္ ဘုိြင္လါpressure လကဲ်။အလုိဲက်လုိ႔ မီးပုိထုိးလုိ႔ steam generation 
ပုိမ်ားတါ၇ယ္ေၿကာင္႔ boiler water level မွာ၇ွိတဲ႔ steam bubble ေတြပိၿုကီးလါပါတယ္။ဒါေၿကာင္႔ boiler water level က 
တကယ၇ွိ္တါထက္ ပုိမ်ားေနသလုိ လါၿပေနပါတယ္။အဒဲါကုိ swell effect လုိ႔ေခၚပါတယ္။ Shink က အဲဒါ၇ဲ႔ေၿပာင္းၿပန္ပါ။ 

အဒဲ ီeffect ေတြေၿကာင္႔ control ကုိထိခိုက္မွဳမ၇ွိေအါင ္steam flow, water flow & water level ဆုိတဲ႔  3 element 
ကိုတုိင္းယူၿပီး control လုပ္ပါတယ္။ ေအၚက္ပုံက drum level  ( element) အၿပင ္steam flow &water flow စတဲ႔ 
အၿခား element 2 ခုကိုပါအသံုးခ်ထါးတါၿဖစ္ပါတယ္။သူ႔မွာ ၿကည္႔လုိက္၇င္ feed back loop, feed forward loop, 
cascade loop ေတြပါတါေတြ႔၇ပါတယ္။ feed water flow controller က inner controller ( secondary controller) 

သူကေတါ႔ cascade controller 
ကိုမသံုးဘဲ ၇ုိး၇ူိး p+I controller 
ကိုသံုးထါးပါတယ္။ 

Load change ၇င္ steam pressure 
ကို feed forward 
အေနနဲ႔ေပါင္းထည္႔ေပးတယ္။ 

ဒယ္တါပုံေလးက controller, 
summer function 
ကေတါ႔ေစ်းေပါတယ္။ 



ၿဖစ္ၿပီး level controller က Outer controller( primary controller) ၿဖစ္ပါတယ္။ primary controller မွာ set point က 
A ၿဖစ္ပါတယ္။ feed back က LT ကလါတဲ႔ Level signal ၿဖစ္ပါတယ္။swell effect ေၿကာင္႔ ေ၇ level တက္ေပမဲ႔ steam 
flow ကုို summer ထထဲည္႔ထါးလုိ႔ စါးသြါးတဲ႔ steam ေပၚတည္ၿပီး ေ၇ပုိၿဖည္႔ပါမယ္။primary controller output ၇ယ္။ 
steam flow အေၿပာင္းအလ၇ဲယ္ကoutput of  

summer(∑)ကုိေၿပာင္းေပးပါတယ္။အဲဒီ summer ကုိ feed controller အတြက ္set point အၿဖစ္ပုိ႔ေပးပါတယ္။ inner 
controller အတြက္ - feed water flow ကုိ feed back အၿဖစ္ေပးပါတယ္။ ဒါေၿကာင္႔ feed flow အ၇မ္းမ်ားလို႔ drum 
pressure အေၿပာင္းအလၿဲဖစ္တါ္ကုိကါကြယ္ပါတယ္။ 

PLC 

NORMAL 
F.W.C 
CONTROLLER  



အဒဲ ီcontroller ေတြမွာ auto / Man ေၿပာင္းတါပါတယ္။ လုိအပ္၇င္ man ေၿပာင္းၿပီး ေ၇ၿဖည္႔နိုင္တယ္။ 

အဒဲီေတါ႔အခ်ဳပ္ဆုိ၇၇င္ - ဒီဘိြဳ င္လါေတြမွာ - ALARM ေတြ SHUT DOWN ေတြ။SEQUENCE CONTROL ေတြ အတြက္ 
PLC တလံုး။ MASTER / SLAVE / LOAD CONTROL အတြက္က ၇ိုး၇ိုး CONTROLLER တလုံး။ WATER LEVEL 
CONTROL အတြက္က 2 ELEMENT CONTROL ဆိ၇ုင္ ၇ိုး၇ိုး CONTROLLER တလုံး( 3 ELEMENTS 
ဆိ၇ုင္ေတါ႔ေစ်းနဲနၿဲကီးတဲ႔ CASCADE CONTROLLER ေပါ႔)။ FUEL CONTROLအတြက္ CASCADE CONTROLLER 
တလုံး။ AIR CONTROL အတြက္က CASCADE CONTROLLER တလံုးစသၿဖင္႔ပါလိမ္႔မယ္။အ၇ငA္LLBORG 2 
BURNER(LOW & HI FIRE) ကေတါ႔၇ွင္းတယ္။ PLC တလုံး၇ယ္။ေလနဲ႔ဆီကုိ ခ်ိန္တဲ႔ SERVO MOTOR တလုံး၇ယ္။ဒ ီ၂ 
ခုဘလဲိုတယ္။ 

ဒါက cascade 
controller 
ပါလို႔ေစ်းၿကီးလိ္မ္႔မယ္။ 



Regulation 4 - Fire pumps, fire mains, hydrants and hoses  

4.2.2 Capacity of additional fire pumps

. Each pump for fire extinguishing which is installed in addition to the required number of pumps should 
have a capacity of at least 25 m3/h and should be capable of delivering at least the two jets of water 
required in regulation II-2/4.5.1.  

4.3.1.3 Number and type of fire pumps

. Cargo ships of less than 1,000 gross tonnage should be provided with not less than two power fire
pumps, one of which should be an independently power driven pump.  



4.3.3.2 Supply and pressure of emergency pumps

. There should be an alternative means consisting of a fixed independently driven emergency pump
which should be capable of supplying two jets of water at a minimum pressure of 0.25 N/mm2.  

4.3.3.2.1 Capacity of emergency fire pumps

. The capacity of the emergency fire pump should be not less than 40% of the required total capacity of 
the fire pumps as per regulation II-2/4.2.1.  

4.3.3.2.3 Heating of diesel driven power sources and other means of starting

1. If the room for the diesel driven power source is not heated, the diesel driven power source for the 
pump should be fitted with electric heating of cooling water or lubricating oil.  

2. The other means of starting include those by compressed air, electricity or other sources of stored 
energy, hydraulic power or starting cartridges.  

4.3.3.2.5 Exception in case of ballast condition

. The ballast condition of a ship on entering or leaving a dry dock need not be considered a service 
condition.  

4.3.3.2.7 Type of doors in case of an airlock

. In case of an airlock, the door of the machinery space should be of A-60 class standard, the other door 
should be at least of steel, both reasonably gastight, self-closing and without any hold back 
arrangements.  

4.3.3.3 Capacity of alternative means of providing water for fire fighting

. The alternative means of providing water for fire fighting purposes should be a pump with a capacity of 
at least 25 m3/h for passenger ships and of at least 15 m3/h for cargo ships.  

4.3.4.1 Automatic starting of fire pumps and prevention of freezing in pipes

1. Only one of the required fire pumps needs to be provided with automatic starting.  

2. Special attention should be given to the design of the continuously pressurized pipelines for prevention 
of freezing in pipes in ships entering areas where low temperatures may exist.  

4.3.4.2 Availability of water supply

. Immediate availability of water supply can be achieved either by automatic start of at least one fire 
pump or by remote starting from the navigation bridge of at least one fire pump. If the pump starts 



automatically or if the bottom valve cannot be opened from where the pump is remotely started, the 
bottom valve should always be kept open.  

4.3.4.3 Exception for cargo ships of less than 1,600 gross tonnage

. This requirement may be waived for cargo ships of less than 1,600 gross tonnage if the fire pump
starting arrangement in the machinery space is in an easily accessible position.  

4.4.2 Pressure for ships less than 1,000 gross tonnage

. A pressure of 0.25 N/mm2 should be maintained for ships less than 1,000 gross tonnage.  

4.5.1 Location of hydrant in machinery spaces

. At least one hydrant with hose, nozzle and coupling wrench should be provided in machinery spaces of 
category A.  

4.6.1 Drainage of fire mains and shutting off fire main branches

. Fire mains should be capable of being drained. Valves should be installed in the main for shutting off 
from the weather deck fire main branches used for purposes other than fire fighting.  

4.6.3 Arrangements of emergency pumps, seawater inlet, suction and delivery pipes and sea-chests

1. Not only emergency pumps, but also seawater inlet, suction and delivery pipes with valves, etc. should 
be outside the compartment containing the other fire pumps. Only short lengths of suction and discharge 
piping may, however, under certain circumstances, penetrate the machinery spaces if enclosed in 
substantial steel casing. In lieu of the steel casing the pipe may be insulated to A-60 class standard.  

The pipe should have substantial wall thickness, in no case less than 11 mm, and should be all welded 
except for the flanged connection to the sea inlet valve.  

The sea-chest with valve and the main part of the suction piping should be, in general, outside the 
machinery spaces. If this arrangement cannot be made, the sea-chest may be fitted in the machinery 
spaces on the condition that the valve is remotely controlled from a position near the pump, in the same 
compartment, and the suction pipe is as short as practicable.  

2. The emergency fire pump should be placed so that the main requirements of regulation II-2/4.6.3 can 
be complied with. The discharge line of the emergency fire pump should be provided with isolating valves 
placed outside the fire pump space.  

4.7.1 Length of fire hoses

. Fire hoses should have a length of:  



 at least 10 m;  

 not more than 15 m in machinery spaces;  

 not more than 20 m for other spaces and open decks; and  

 not more than 25 m for open decks on ships with a maximum breadth in excess of 30 m.  

4.7.4.1 Additional hoses and nozzles when carrying dangerous goods

. Ships carrying dangerous goods in accordance with regulation II-2/54 should be provided with 3 
additional hoses and 3 additional nozzles (see also interpretations of regulation II-2/54.2.1.2).  

4.7.4.2 Number of fire hoses in cargo ships of less than 1,000 gross tonnage

. In cargo ships of less than 1,000 gross tonnage, the number of fire hoses should be calculated in 
accordance with the provisions of regulation II-2/4.7.4.1. However, the number of hoses should in no 
case be less than three.  

4.8.1 Diameter of nozzles

. Nozzles larger in diameter may be provided if the requirements relating to the provision of water for fire
fighting purposes are met.  

Oil scrapper ring  
အမ်ိဳးမ်ိဳး 



6S50MC အင္ဂ်င္အတြက္

Starting system ကိုၿကည္႔၇င္

 control air manual valve ကေန လုိင္း ၂ ခုအဓိက ခြဲသြါးတယ္။ တခုက turning gear interlock 
ကိုၿဖတ္တယ္။ 

ေနာက္တလိုင္းက ဘါကုိမၿဖတ္ဘဲ air starting ball valve ဆီတန္းသါြးၿပီး ball valve close position 
ကုိထိန္းထါးတယ္။အဒဲီလုိင္းကဘ ဲstop signal ေပး၇င ္puncture valve ကို activate လုပ္ဖို႔။valve 117 ကို stop signal 
၇ွီ၇င္ distributor က ေလ drain လုပ္တါ၇ပ္ၿပီး start signal ေပး၇င္ distributor က ေလေပးတါကုိလုပ္ဖုိ႔
အသင္႔လုပ္ထါးတယ္။ ဒီမွာ မွတ္သါးစ၇ာက stop signal ဟါ fuel lever ဆီေက်ြးတဲ႔ အမွတ္ေ၇ာက္မွ
ေပ်ာက္တယ္ဆုိတါဘဲ၊ 

အင္ဂ်င္နိုးဘို႔လုိတါက 

၁-distributor ahead / astern က ေပးတဲ႔ order နဲ႔ကိုက္ဖို႔

tdc bdc Tdc       bdc Tdc    bdc Tdc     bdc 



2-fuel pump timing က ahead/ astern order နဲ႔ကုိက္ဖုိ႔

၃-air starting ball valve ကိုဖြင္႔ဖို႔

၄-air distributor က လုိခ်င္တဲ႔ ဆလင္ဒါကုိ pilot air signal ေပးဖုိ႔

ဒါေတြက အဓိက မဟုတ္လါး 

အခု manoeuvring lever stop position မွာ valve 117 က distributor ကုိ drain လုပ္တါ၇ပ္ၿပီး 
အသင္႔အေနအထါးလုပ္ထါးၿပီ။ ေနာက္ၿပီး air starting ball valve ကုိ 2 POSITION 5 WAY VALVE 27 ကေနတဆင္႔
ေလေပးထါးၿပီ။ 27 ကုိ POSITION ေၿပာင္းဖုိ႔ ACTIVATE လုပ္လိုက္တါနဲ႔ BALL VALVE ပြင္႔တဲ႔ POSITION 
ေ၇ာက္သြါးလိမ္႔မယ္။ 

TELEGRAPH AHEAD POSITION - တကယ္လုိ႔ AHEAD နိဳးၿ႔ပီးသါး STOP ကေန ေနာက္တခါ AHEAD 
ထပ္နိဳး၇င္ local က နုိးတါမဟုတ္၇င္ ahead valve 86 ( 2position, 3 way valve) activate ၿဖစ္တယ္။ 

AHEAD VALVE - ၈၆ ကေန ၂ လိုင္းခြဲသြါးတယ္။တခုက 1 –[[ fuel pump roller ကုိ ahead / astern 
position ေၿပာင္းေပးတဲ႔ reversing cylinder 13 ကိုသြါးၿပီးေလေပးတဲ႔ ။ 2- AIR DISTRIBUTOR AIR CYLINDER 
AHEAD ကုိ ေ၇ြ႔ေပးတဲ႔  VALVE 14 ကုိေလေပးတဲ႔]] ----(၁) VALVE 10 ကိ ုACTIVATE လုပ္ထါးတယ္။( အဒဲီေလက 
fuel run signal လါၿပီး ၆ sec ၿကာၿပီးမ ွdrain လုပ္တယ္။) ၈၆ ကလါတဲ႔ ေနာက္တလုိင္းက AIR DISTRIBUTOR 
AHEAD OR ASTERN POSITION ဘယ္ POSITION မွာ၇ွိေနလဆုိဲတါစစ္တဲ႔ END POSITION VALVE FOR AHEAD 
(၂) VALVE 55 ကုိသြါးတယ္။ DISTRIBUTOR AHEAD POSITION မွာ၇ွိလုိ႔ VALVE 55 ACTIVATE ၿဖစ္၇င္ အဒဲါကုိ
ၿဖတ္တဲ႔ CONTROL AIR SIGNAL က ဗါး ၃၇ မွာသြါးေစါင္႔ေနတယ္။ ( START SIGNAL လါတဲ႔အထိ) 

Manoeuvring  LEVER START POSITION – START VALVE 90 ကိိ ုACTIVATE လုပ္မယ္။ သူက လါတဲ႔ ေလက 
VALVE 37 ကုိ ဖြင္႔ေပးလုိ႔ ခုနင္က TELEGRAPH AHEAD တံုးက ဗါး ၃၇ က control air signal က ဆက္သြါးၿပီး valve 
33 ကုိသါြး activate လုပ္တယ္။ ဒီေတါ႔ ဗါး ၃၃ ၇ိ ွturning gear interlock ကိုၿဖတ္လါတဲ႔ control air က ၃ လိုင္းခြဲၿပီး 
ထြက္သြါတယ္။ ပထမတလုိင္းက distributor အ၀င္ manual valve( ခါတုိင္း cyl head air start valve လုံ
မလံုစမ္း၇င္ပိတ္ေနက်) ကလါတဲ႔ ေလကုိ(1) valve 26( distributor supply valve) ကတဆင္႔ distributor 
ဆီကုိဖြင္႔ေပးတယ္။ ဒုတိယလုိင္းက air start ball valve ကုိ ဖြင္႔တဲ႔ signal ေပးတဲ႔ (2) ဗါး ၂၇( open valve for air start 
ball valve)  ကိ ုသြါးဖြင္႔တယ္။ တတိယလုိင္းက အင္ဂ်င္စနိဳးခ်ိန္ air distributor disc ၇ုတ္တ၇က္လည္လုိ႔ distributor 
air cylinder မနာေအါင္ lock လုပ္တဲ႔ (3)ဗါး  ၁၄( distributor lock valve ) ကုိ activate လုပ္တယ္။  

အခ ုstarting air နဲ႔အင္ဂ်င္လည္သြါးၿပီ ၿဖစ္တယ္။ 

Ahead rpm 10 or astern rpm 11 ေ၇ာက္တါနဲ႔ fuel on signal လါပါတယ္။ 

အဒဲါလါတါနဲ႔ stop signal ေပ်ာက္ပါတယ္။ ဒီေတါ႔ ၁၁၇ valve က 1 sec အၿကာမွာ drain ၿဖစ္ပါတယ္။ puncture valve 
ကုိဖြင္႔ထါးတဲ႔ေလလdဲrain ၿဖစ္လုိ႔ ဆီေက်ြးပါတယ္။ 

Reversing cylinder ကေလက ၆ sec ၿကာ၇င ္drain ၿဖစ္ပါတယ္။ 

Start signal လ ဲေပ်ာက္လုိ႔ air start ball valve ပိတ္ပါတယ္။valve 26 distributor supply air ပိတ္ပါတယ္။ 





Control air  

Astern အတြက္ကေတါ႔ ဗါးနံပါတ္ေတြကြါသြါးေပမဲ႔ အလုပ္လုပ္ပုံတူပါတယ္။ 

Valve 86= astern valve 88 , valve 10 = astern valve 11,valve 55 = astern valve 56,valve 14= 
astern valve 15 

Stop - 117 (distributor  no drain) 

27 ( air start ball valve close) 

Telegraph ahead (v/v 86) 

v/v 86(telegraph 
ahead ) 

Valve 10 

Air distributor air cylinder

Fuel injection pump reverse cylinder

Valve  55( 
distributor correct 
direction)

Valve 37( waiting at valve 37)

Start position valve 90

Valve 
37(activate) 

Valve 33 

Turning gear 
interlock 

Valve 26 (pilot air manual 
valve to distributor) 

Valve 27 ( to open air start 
ball valve) 

Valve 14 ( distributor 
position lock) 

For activate 
valve 33 

Air from turning gear interlock pass 
valve 33 

Puncture valve activate 

အေသးစိတ္ေတါ႔ မဟုတ္ေပမဲ႔ fault finding အတြက္အဓိက လိုသေလါက္ဘဲ



အင္ဂ်င္ start order ၁ ေလအုိးထေဲလနေဲနလုိ႔ Compressor start
ေပးလ ဲမလည္ခဲ႔၇င္ ၂ ေလအိုးအထြက္ဘါးပိတ္ထါးလို႔ Open valve 
 ၃ Starting air distributor ကုိသြါးတဲ႔ 

ဘါးပိတ္ထါးလုိ႔ 
Open valve 

 ၄ Control air valve ပိတ္ထါးလုိ႔ Open valve 
 ၅ Main starting air valve(ball valve) ကုိ lock 

position နဲ႔ပိတ္ထါးလုိ႔
Open lock plate 

 ၆ Turning gear မၿဖဳတ၇္ေသးလုိ႔  Turning gear out 
 ၇ Bridge control ထါးၿပီး အင္ဂ်င္ခန္းကနုိဴးေနလုိိ႔ Change control station  

၈ Plate type distributor ဆိ၇ုင္
အုိဗါေဟါလုပ္ဖုိ႔လုိေနလုိ႔။ ပစ္စတင္type 
ဆိ၇ုင္ေတါ႔ piston ေလးေတြကိုကစါးၿကည္႔ပါ။ 

Overhaul လုပ္ပါ။

 ၉ Ahead or astern အေနအထါး မွန္မမွန ္စစ္တဲ႔
55 & 56 ကို မဖိမိလုိ႔။ဒါမွမဟုတ္အဒဲ ီ valve ၂ 
ခုမေကါင္းလို႔

Air cylinder ကုိ လိ၇ုင္ ခ်ိန္။၅၅နဲ႔၅၆ 
မေကါင္းတါဆိ ုလ။ဲLOCAL 
ကနိဳးၿကည္႔

 ၁၀  Distributor timing ေခ်ာ္ေနလို႔ No-1 tdc နဲ႔ တိုင္ပင္ခ်ိန္ပါ။ 
၁၁ Cyl cover ေပၚက air starting valve 

မေကါင္းလို႔
Air start valve
ေကါင္းမေကါင္းစမ္းတဲ႔ procedure 
အတိုင္းစစ္

၁၂ Starting လုပ္တဲ႔ control air signal
ေပ်ာက္ေနလုိ႔

ေၿကးပုိက္ေလးေတြကုိတခုစီ
ၿဖဳတ္ၿပီးဘယ္နားေပ်ာက္လဲ႔စစ္

၁၃ Cpp ဆိ၇ုင္ pitch zero မၿဖစ္လုိ႔ Pitch zero မွာထါး။
အင္ဂ်င ္ahead  ၁ 86 or 88 ကိ ုpower မေ၇ာက္ဘူး။ Power ေပ်ာက္လုိက္၇ွာ 
Astern ေၿပာင္းလို႔ ၂ Valve 10 or 11 ကေနစၿပီး control  ေၿကးပုိက္ေတြတဆင္႔ၿခင္းစစ္
မ၇ပါ။  Air signal မလါဘူး  
အင္ဂ်င္ေလနဲ႔လည္ ၁ Slow turning ပါတဲ႔ဟါဆုိခ်ိန္တါမမွန္ ၿပန္ခ်ိန္
တါမမွန္ဘူး။ေနွးေန။ ၂ Air distributor timing လြဲေန ၿပန္ခ်ိန္
 ၃ ဆလင္ဒါဟက္က air start valve တလံုးလုံး 

မေကါင္း  
ဘယ္အလုံးလစဲစ္။လ၊ဲ 

အင္ဂ်င္ေလနဲ႔လည္ ၁ Puncture valve ဆက္အလုပ္လုပ္တံုး Stop order ကို၇ွာေဖ်ာက္
ဒါေပမဲ႔ ဆီေက်ြးခ်ိန္ ၂ Engine shut down ၀င္ေနလို႔ Shut down ေတြစစ္
ေ၇ာက္၇င္၇ပ္သြါး ၃ Manoeuvring gear ေတြ က်ပ္ေန Ease လုပ္

၄ Manoeuvring gear adjustment မွား Test bed adjustment နဲ႔စစ္
 ၅ Woodward governor ဆုိ၇င ္စနိုးခိ်န္အတြက္ 

air booster ပါတယ္။အဒဲါ ပါ၀ါက်ေနလုိ႔
Booster overhaul 

 ၆ Pre-set speed setting pressure of 
governor ကုိခ်ိန္( start fuel limitပါ) 

Pressure 1.6 to 2.0, 6 sec 
အၿကာေလါက္ေက်ြး၇မယ္။ 

၇ အင္ဂ်င္ ေလနဲ႔လွည္႔တဲ႔ speed ကိုတင္ထါးေတါ႔ Firing rpm ကို ahead -10, astern 



governor က ွဆီေက်ြးတါၿပန္ေလ်ာ႔တဲ႔ အခ်ိန္
နဲ႔ေလၿဖတ္တဲ႔အခ်ိန္ကုိက္သြါးလုိ႔

-11 ေလါက္ခ်ိန္လိုက္

အင္ဂ်င္ဆီနဲ႔လည္ ၁ Aux blower မလည္လို႔ Auto မွာထါး
ေပမဲ႔ rpm မမွန္ ၂ Scavenge air limit ခ်ိန္ထါးတါမွား Charge air မလိုက္၇င္ဆီကို
   သိပ္မေက ြ်းေအါင္လုပ္ထါးတဲ႔ limit 

ခ်ိန္တါမမွန္လို႔ 
 ၃ Fuel filter ပိတ္ေနလုိ႔ ေဆး 
 ၄ Fuel pressure က်ေနလုိ႔ တင္
 ၅ အခ်ိ ႔ဳ cylinder ေတြ miss fire ၿဖစ္ေန Suction valve/puncture valve, 

compression pressure,fuel 
pump index,fuel injector,exh 
v/v 





55 56

50 

117 

26 

10 

11

115 

86 88

84 

90 

From 
turning 
gear  

37 
33 





 The European standards (BS 6759 and DIN 3320) provide the following definition:   

– Safety valve - A valve which automatically, without the assistance of any energy other 
than that of the fluid concerned, discharges a certified amount of the fluid so as to 
prevent a predetermined safe pressure being exceeded, and which is designed to re-
close and prevent the further flow of fluid after normal pressure conditions of service 
have been restored.  

DIN, ASME, JIS စတါေတြက ဘါေတြလဲ. 

Safety valve characteristic-Rapid opening or popping 

BOILER SAFETY VALVE မွာ RAPID OPENING ၇ေအါင္ဘယ္လုိလုပ္ထါးလ ဲ( SHROUD) 

 Set Pressure: The boiler pressure at which the safety valve begins to lift. 

 Closing Pressure: The boiler pressure at which the valve closes. 

 Valve lift: The axial valve disc travel from closed to the open position. 

 Blowdown: The difference between the opening and the closing pressures.  

 BLOWDOWN PRESSURE  OF SAFETY VALVE - The difference between the set pressure and this 
reseating pressure is known as the ‘blowdown’. It is usually specified as a percentage of the set 
pressure. For compressible fluids, the blowdown is usually less than 10% 

 The blowdown rings found on most ASME type safety valves are used to make fine adjustments 
to the overpressure and blowdown values of the valves  



 The lower blowdown ring is also factory set to achieve the appropriate code performance 
requirements but under certain circumstances can be altered. When the lower blowdown ring is 
adjusted to its top position the huddling chamber volume is such that the valve will pop rapidly, 
minimising the overpressure value but correspondingly requiring a greater blowdown before the 



valve re-seats. When the lower blowdown ring is adjusted to its lower position there is minimal 
restriction in the huddling chamber and a greater overpressure will be required before the valve 
is fully open but the blowdown value will be reduced.  



Singapore Maritime Academy 

Class 2 & 1 Engineer CoC 

Oral Examination for Class 1 and 2  

(Marine Engineer Officers) Certificate of Competency

1 Marine Diesel Engines/Marine Steam Plants  

 Safe and efficient operation and maintenance of main and auxiliary and control systems 
 Detection of machinery malfunction, location of faults and action to be taken to prevent 

damage 
 Determination of shaft power, analysis and interpretation of information obtained from 

monitoring equipment, or by use of equipment on board 
 Fail safe devices, safety devices fitted for the prevention of damage 
 Temporary and permanent repairs in the event of breakdown 
 Periodic examination of the working parts and examinations 



Model Questions 

 Draw and explain VIT (B&W). 
(c) VIT fuel pump  (FOR MAN B&W) 

If an engine operates for long periods at reduced power or speed, the residual heat in the 
main components of the combustion chamber will decrease, causing a lower air temperature 
after compression. This will lead to an increase in the ignition delay of injected fuel, which will 
lead to a fall in the peak pressure and increase in fuel consumption, and may also cause 
knocking or ‘rough running’ in the engine, with consequent damage from shock Loads. This 
problem can be reduced by the use of variable ignition Timing. 

Fuel Pumps for MAN-B&W MC type engines operates on the same principle o f control by a 
helix on the plunger, but have further adjustments, which make it possible to vary the 
Injection timing during operation o f the engine (V.I.T.). The pump barrel is moved within the 
pump casing, with respect to the Plunger, by means o f a VIT rack, which rotates a coarse-
threaded sleeve, attached to the lower end o f the barrel. Movement o f the barrel will alter 
the timing o f the start o f injection and thus can be advanced more or less, so as to improve 
the specific fuel consumption at part load. The variable ignition timing linkage allows, the 
engine governor control to adjust all pumps collectively. 




 Draw shafting arrangement 
 How to make out if shaft is misaligned.  How to detect misalignment at sea.  What can be 

done if there is a misalignment? 
 When there one M/E unit temp high and the T/C surges what will your action be and what 

will you look for? 



 Scavenge air box ထဲမွာ၇ိ ွsludge ေတြေပၚ flakes of burning or glowing carbon deposit ေတြက်လို

 Prolong blow by , slow combustion , scavenge air port တေလ်ာက ္blow back ၿဖစ္လို႔ (back 
pressure at exh system) (nozzle ring စသၿဖင္႔ ၃၅၀ mm wc ထက္မမ်ား၇ဘူး။) 

 ဒါေၿကာင္႔ fuel valve စစ၇္င္ atomization / incorrect type of fuel nozzle, misalignment of fuel jet 
စတါေတြစစ္ပါ။ 

 Affected cyl exh temp တက္မယ္။ turbocharger surge ၿဖစ္မယ္။ t/c inlet filter ကေန smoke 
ထြက္မယ္။( surge ၿဖစ္ခ်ိန္) scavenge air box ပူမယ္။ smoky exh & rpm က်လါမယ္။ scavenge 
drain box ကေန flame ေတြထြက္လါတတ္တယ္။  

 c/case explosion ၿဖစ္လါတတ္တယ္။ ဒါေၿကာင္႔ c/case relief door နားမေနနဲ႔

 speed ေလ်ာ႔(AUTO REDUCE ) ၿပီး၇င္အင္၈်င္၇ပ္။ AUX BLOWER STOP,FUEL OIL STOP, LUB OIL 
STOP,အၿခား ဆလင္ဒါ BALL VALVE ေတြဖြင္႔ေပး။FIRE EXTINGUSHING EQUIPMENT ကုိ
On,(steam ) 

 scavenge drain tank  & sludge tank ၿကား ဘါးကုိဖြင္႔စစ္။ drain tank empty –close valve.drain 
tank vent – check air escape or not –if no escape –clean air vent pipe, 

 One unit temp high just as you leave port.  What can be the reason (The answer expected is 
that the temp will naturally be high as the ship is manoeuvring). 

 M/E Manoeuvering diagram – draw and explain. 
6S50MC အင္ဂ်င္အတြက္ 

Starting system ကုိၿကည္႔၇င္

 control air manual valve ကေန လုိင္း ၂ ခုအဓိက ခြဲသြါးတယ္။ တခုက turning gear interlock 
ကုိၿဖတ္တယ္။ 

ေနာက္တလိုင္းက ဘါကုိမၿဖတ္ဘ ဲair starting ball valve ဆီတန္းသါြးၿပီး ball valve close position 
ကုိထိန္းထါးတယ္။အဒီဲလုိင္းကဘ ဲstop signal ေပး၇င ္puncture valve ကို activate လုပ္ဖို႔။valve 117 ကုိ stop 
signal ၇ီွ၇င္ distributor က ေလ drain လုပ္တါ၇ပ္ၿပီး start signal ေပး၇င ္distributor က ေလေပးတါကိုလုပ္ဖို႔
အသင္႔လုပ္ထါးတယ္။ ဒမီွာ မွတ္သါးစ၇ာက stop signal ဟါ fuel lever ဆီေက်ြးတဲ႔ အမွတ္ေ၇ာက္မွ
ေပ်ာက္တယ္ဆုိတါဘဲ၊ 

အင္ဂ်င္နိုးဘုိ႔လိုတါက 

၁-distributor ahead / astern က ေပးတဲ႔ order နဲ႔ကိုက္ဖို႔

2-fuel pump timing က ahead/ astern order နဲ႔ကုိက္ဖို႔

၃-air starting ball valve ကိုဖြင္႔ဖို႔



၄-air distributor က လုိခ်င္တဲ႔ ဆလင္ဒါကုိ pilot air signal ေပးဖုိ႔

ဒါေတြက အဓိက မဟုတ္လါး 

အခ ုmanoeuvring lever stop position မွာ valve 117 က distributor ကိ ုdrain လုပ္တါ၇ပ္ၿပီး 
အသင္႔အေနအထါးလုပ္ထါးၿပီ။ ေနာက္ၿပီး air starting ball valve ကုိ 2 POSITION 5 WAY VALVE 27 
ကေနတဆင္႔ ေလေပးထါးၿပီ။ 27 ကိ ုPOSITION ေၿပာင္းဖုိ႔ ACTIVATE လုပ္လိုက္တါနဲ႔ BALL VALVE ပြင္႔တဲ႔
POSITION ေ၇ာက္သြါးလိမ္႔မယ္။ 

TELEGRAPH AHEAD POSITION - တကယ္လို႔ AHEAD နိဳးၿ႔ပီးသါး STOP ကေန ေနာက္တခါ AHEAD 
ထပ္နိဳး၇င္ local က နိုးတါမဟုတ၇္င္ ahead valve 86 ( 2position, 3 way valve) activate ၿဖစ္တယ္။ 

AHEAD VALVE - ၈၆ ကေန ၂ လုိင္းခြဲသြါးတယ္။တခုက 1 –[[ fuel pump roller ကုိ ahead / astern 
position ေၿပာင္းေပးတဲ႔ reversing cylinder 13 ကုိသြါးၿပီးေလေပးတဲ႔ ။ 2- AIR DISTRIBUTOR AIR CYLINDER 
AHEAD ကုိ ေ၇ြ႔ေပးတဲ႔  VALVE 14 ကုိေလေပးတဲ႔]] ----(၁) VALVE 10 ကုိ ACTIVATE လုပ္ထါးတယ္။( 
အဒဲီေလက fuel run signal လါၿပီး ၆ sec ၿကာၿပီးမ ွdrain လုပ္တယ္။) ၈၆ ကလါတဲ႔ ေနာက္တလိုင္းက AIR 
DISTRIBUTOR AHEAD OR ASTERN POSITION ဘယ္ POSITION မွာ၇ိွေနလဆုိဲတါစစ္တဲ႔ END POSITION 
VALVE FOR AHEAD (၂) VALVE 55 ကုိသြါးတယ္။ DISTRIBUTOR AHEAD POSITION မွာ၇ွိလုိ႔ VALVE 55 
ACTIVATE ၿဖစ္၇င္ အဲဒါကုိ ၿဖတ္တဲ႔ CONTROL AIR SIGNAL က ဗါး ၃၇ မွာသြါးေစါင္႔ေနတယ္။ ( START SIGNAL 
လါတဲ႔အထိ) 

Manoeuvring  LEVER START POSITION – START VALVE 90 ကုိိ ACTIVATE လုပ္မယ္။ သူက လါတဲ႔ ေလက 
VALVE 37 ကုိ ဖြင္႔ေပးလုိ႔ ခုနင္က TELEGRAPH AHEAD တုံးက ဗါး ၃၇ က control air signal က ဆက္သြါးၿပီး 
valve 33 ကိုသါြး activate လုပ္တယ္။ ဒီေတါ႔ ဗါး ၃၃ ၇ွိ turning gear interlock ကိုၿဖတ္လါတဲ႔ control air က ၃ 
လိုင္းခြဲၿပီး ထြက္သြါတယ္။ ပထမတလိုင္းက distributor အ၀င ္manual valve( ခါတိုင္း cyl head air start valve 
လံ ုမလံုစမ္း၇င္ပိတ္ေနက်) ကလါတဲ႔ ေလကုိ(1) valve 26( distributor supply valve) ကတဆင္႔ distributor 
ဆီကုိဖြင္႔ေပးတယ္။ ဒုတိယလုိင္းက air start ball valve ကုိ ဖြင္႔တဲ႔ signal ေပးတဲ႔ (2) ဗါး ၂၇( open valve for air 
start ball valve)  ကုိ သြါးဖြင္႔တယ္။ တတိယလုိင္းက အင္ဂ်င္စနိဳးခ်ိန္ air distributor disc ၇ုတ္တ၇က္လည္လုိ႔
distributor air cylinder မနာေအါင ္lock လပ္ုတဲ႔ (3)ဗါး  ၁၄( distributor lock valve ) ကုိ activate လုပ္တယ္။  

အခု starting air နဲ႔အင္ဂ်င္လည္သြါးၿပီ ၿဖစ္တယ္။ 

Ahead rpm 10 or astern rpm 11 ေ၇ာက္တါနဲ႔ fuel on signal လါပါတယ္။ 

အဒဲါလါတါနဲ႔ stop signal ေပ်ာက္ပါတယ္။ ဒီေတါ႔ ၁၁၇ valve က 1 sec အၿကာမွာ drain ၿဖစ္ပါတယ္။ puncture 
valve ကိုဖြင္႔ထါးတဲ႔ေလလdဲrain ၿဖစ္လုိ႔ ဆီေက်ြးပါတယ္။ 

Reversing cylinder ကေလက ၆ sec ၿကာ၇င ္drain ၿဖစ္ပါတယ္။ 

Start signal လ ဲေပ်ာက္လုိ႔ air start ball valve ပိတ္ပါတယ္။valve 26 distributor supply air ပိတ္ပါတယ္။ 





Control air  

Astern အတြက္ကေတါ႔ ဗါးနံပါတ္ေတြကြါသြါးေပမဲ႔ အလုပ္လုပ္ပုံတူပါတယ္။Valve 86= astern valve 88 , valve 
10 = astern valve 11,valve 55 = astern valve 56,valve 14= astern valve 15 

Stop - 117 (distributor  no drain) 

27 ( air start ball valve close) 

Telegraph ahead (v/v 86) 

v/v 86(telegraph 
ahead ) 

Valve 10 

Air distributor air cylinder 

Fuel injection pump reverse cylinder 

Valve  55( 
distributor correct 
direction)

Valve 37( waiting at valve 37) 

Start position valve 90 

Valve 
37(activate) 

Valve 33

Turning gear 
interlock 

Valve 26 (pilot air manual 
valve to distributor) 

Valve 27 ( to open air start 
ball valve) 

Valve 14 ( distributor 
position lock) 

For activate 
valve 33 

Air from turning gear interlock pass 
valve 33 

Puncture valve activate 

အေသးစိတ္ေတါ႔ မဟုတ္ေပမဲ႔ fault finding အတြက္အဓိက
လိုသေလါက္ဘဲ



အင္ဂ်င္ start order ၁ ေလအုိးထေဲလနဲေနလုိ႔ Compressor start
ေပးလ ဲမလည္ခဲ႔၇င္ ၂ ေလအုိးအထြက္ဘါးပိတ္ထါးလုိ႔ Open valve 
 ၃ Starting air distributor ကုိသြါးတဲ႔ 

ဘါးပိတ္ထါးလုိ႔ 
Open valve 

 ၄ Control air valve ပိတ္ထါးလုိ႔ Open valve 
 ၅ Main starting air valve(ball valve) ကို 

lock position နဲ႔ပိတ္ထါးလုိ႔ 
Open lock plate 

 ၆ Turning gear မၿဖဳတ္၇ေသးလုိ႔  Turning gear out 
 ၇ Bridge control ထါးၿပီး 

အင္ဂ်င္ခန္းကနုိဴးေနလိို႔
Change control station  

 ၈ Plate type distributor ဆုိ၇င္ 
အိုဗါေဟါလုပ္ဖို႔လိုေနလုိ႔။ ပစ္စတင္type 
ဆိ၇ုင္ေတါ႔ piston 
ေလးေတြကုိကစါးၿကည္႔ပါ။ 

Overhaul လုပ္ပါ။ 

 ၉ Ahead or astern အေနအထါး မွန္မမွန္
စစ္တဲ႔ 55 & 56 ကုိ
မဖိမိလုိ႔။ဒါမွမဟုတ္အဒဲီ  valve ၂ 
ခုမေကါင္းလို႔

Air cylinder ကိ ုလုိ၇င္
ခ်ိန္။၅၅နဲ႔၅၆ မေကါင္းတါဆုိ
လ။ဲLOCAL ကနိဳးၿကည္႔

၁၀ Distributor timing ေခ်ာ္ေနလို႔ No-1 tdc နဲ႔ တုိင္ပင္ခ်ိန္ပါ။
 ၁၁ Cyl cover ေပၚက air starting valve 

မေကါင္းလုိ႔
Air start valve 
ေကါင္းမေကါင္းစမ္းတဲ႔ procedure 
အတုိင္းစစ္

 ၁၂ Starting လုပ္တဲ႔ control air signal 
ေပ်ာက္ေနလုိ႔

ေၿကးပုိက္ေလးေတြကုိတခုစီ
ၿဖဳတ္ၿပီးဘယ္နားေပ်ာက္လဲ႔စစ္

 ၁၃ Cpp ဆုိ၇င ္pitch zero မၿဖစ္လို႔ Pitch zero မွာထါး။ 
အင္ဂ်င ္ahead  ၁ 86 or 88 ကုိ power မေ၇ာက္ဘူး။ Power ေပ်ာက္လုိက္၇ွာ 
Astern ေၿပာင္းလို႔ ၂ Valve 10 or 11 ကေနစၿပီး control ေၿကးပုိက္ေတြတဆင္႔ၿခင္းစစ္
မ၇ပါ။  Air signal မလါဘူး  
အင္ဂ်င္ေလနဲ႔လည္ ၁ Slow turning ပါတဲ႔ဟါဆိုခ်ိန္တါမမွန ္ ၿပန္ခ်ိန္
တါမမွန္ဘူး။ေနွးေန။ ၂ Air distributor timing လြေဲန ၿပန္ခ်ိန္

၃ ဆလင္ဒါဟက္က air start valve 
တလုံးလံုး မေကါင္း  

ဘယ္အလံုးလဲစစ္။လ၊ဲ

အင္ဂ်င္ေလနဲ႔လည္ ၁ Puncture valve ဆက္အလုပ္လုပ္တုံး Stop order ကု၇ွိာေဖ်ာက္
ဒါေပမဲ႔ ဆီေက်ြးခ်ိန္ ၂ Engine shut down ၀င္ေနလုိ႔ Shut down ေတြစစ္
ေ၇ာက္၇င္၇ပ္သြါး ၃ Manoeuvring gear ေတြ က်ပ္ေန Ease လုပ္
 ၄ Manoeuvring gear adjustment မွား Test bed adjustment နဲ႔စစ္

၅ Woodward governor ဆိ၇ုင္
စနုိးခိ်န္အတြက္ air booster ပါတယ္။အဒဲါ 

Booster overhaul



ပါ၀ါက်ေနလို႔
 ၆ Pre-set speed setting pressure of 

governor ကုိခ်ိန္( start fuel limitပါ) 
Pressure 1.6 to 2.0, 6 sec 
အၿကာေလါက္ေက်ြး၇မယ္။ 

၇ အင္ဂ်င္ ေလနဲ႔လွည္႔တဲ႔ speed 
ကိုတင္ထါးေတါ႔ governor က 
ွဆီေက်ြးတါၿပန္ေလ်ာ႔တဲ႔ အခ်ိန္
နဲ႔ေလၿဖတ္တဲ႔အခ်ိန္ကုိက္သြါးလုိ႔

Firing rpm ကို ahead -10, 
astern -11 ေလါက္ခ်ိန္လုိက္ 

အင္ဂ်င္ဆီနဲ႔လည္ ၁ Aux blower မလည္လို႔ Auto မွာထါး
ေပမဲ႔ rpm မမွန္ ၂ Scavenge air limit ခ်ိန္ထါးတါမွား Charge air မလိုက္၇င္ဆီကုိ
   သိပ္မေက်ြးေအါင္လုပ္ထါးတဲ႔ limit 

ခ်ိန္တါမမွန္လို႔ 
 ၃ Fuel filter ပိတ္ေနလို႔ ေဆး 
 ၄ Fuel pressure က်ေနလုိ႔ တင္

၅ အခ်ိဳ႔ cylinder ေတြ miss fire ၿဖစ္ေန Suction valve/puncture valve, 
compression pressure,fuel 
pump index,fuel injector,exh 
v/v 





 C/S bolt failure – why common in 4 stk engines and not so in 2 stk engines? 




 ME running (out at sea) and suddenly the underpiston space high temp alarm rings and the 

engine slows down.  When investigated, no problem, all parameters normal.  When speed 
increased, again same thing happens.  Why?  The engine is B&W, 8 months old (The answer 
might be that the exhaust v/v is opening late due to a faulty non return valve in the 
actuator). 

 Power calculation of engines 
 Draw the draw card and explain if the pmax low.  What various cause should be. 
 Fuel p/q timing.  Draw the diagram and explain preparation precaution and step by step to 

check fuel p/q timing. 
 Pre-planning for performance monitoring. 
 Explain – power calculation 
 Crankcase inspection – in details. 
 Main engine turns on starting air, reaches air cut rpm – but does not fire 

အင္ဂ်င္ေလနဲ႔လည္ ၁ Puncture valve ဆက္အလုပ္လုပ္တုံး Stop order ကို၇ွာေဖ်ာက္
ဒါေပမဲ႔ ဆီေက်ြးခ်ိန္ ၂ Engine shut down ၀င္ေနလို႔ Shut down ေတြစစ္
ေ၇ာက၇္င္၇ပ္သြါး ၃ Manoeuvring gear ေတြ က်ပ္ေန Ease လုပ္
 ၄ Manoeuvring gear adjustment မွား Test bed adjustment နဲ႔စစ္



၅ Woodward governor ဆိ၇ုင္
စနိုးခိ်န္အတြက္ air booster ပါတယ္။အဒဲါ 
ပါ၀ါက်ေနလုိ႔

Booster overhaul

 ၆ Pre-set speed setting pressure of 
governor ကုိခ်ိန္( start fuel limitပါ) 

Pressure 1.6 to 2.0, 6 sec 
အၿကာေလါက္ေက်ြး၇မယ္။ 

၇ အင္ဂ်င္ ေလနဲ႔လွည္႔တဲ႔ speed 
ကိုတင္ထါးေတါ႔ governor က 
ွဆီေက်ြးတါၿပန္ေလ်ာ႔တဲ႔ အခ်ိန္
နဲ႔ေလၿဖတ္တဲ႔အခ်ိန္ကုိက္သြါးလုိ႔

Firing rpm ကို ahead -10, 
astern -11 ေလါက္ခ်ိန္လုိက္ 



 Determination of TDC when there is no flywheel marks 
 Loaded parts of different bearings? 
 Opening up of main bearing & precautions 
 Performance sheet of a yanmah generator – evaluate 
 Oil mist detector – operating principle 
 Action in case of OMD alarm. 
 Various buttons, switches of oil mist detector 
 How to check the generator fuel oil timing. 
 Performance of G/E data sheet and evaluate. 
 Explain what is VIT. 
 Write M/E all safety devices
 How to test oil mist detector, overspeed trip, crank are relief door, LO low 

pressure trip with the circuit diagram 
 How to prevent engine from scavenge fire 
 For exhaust v/v spring air - what are the back up is there 
 Main bearing survey 
 Crasshead pin damage what you will do as C/E 
 Shaft coupling one of the bolt is broken what action you will take 
 Construction features of holding down bolts 
 How many ways to find out shaft power including 4 stroke engine 
 Factors affecting M/E performance
 Construction features of 1 con doctor and how it works
 For scaverge air temp how to find out dew point
 Give the main engine safety features (classify alarms, slowdowns, trips and others) 
 How can the engine get overloaded? (causes & symptoms) 
 What are different cards & diagrams?  Give purposes for each. 
 How will you determine fuel pump faulty? 
 B&W engine timing check? (lead) 



 Give reasons for turbocharger surging and actions to be taken as soon as you come to know 
at sea?  Also describe trouble shooting 

 Draw B&W & sulzer fuel pump & explain.  Explain VII and range for VIT in B&W and 
reasons. 

 Write down all the planning that you will do for unit o'haul tomorrow 
 Why is it very important to do power calculation of an engine 
 How to ascertain that the liner calibration tool is accurate?  What are the important 

clearances to be measured during unit o'haul. 
 How are crank shafts manufactured.  During crank case inspection, what are the things you 

will check on the crank shaft?  (Looking for Reference marks on the web & journal). 

2 
Boilers 

 Operation, maintenance, periodic inspections 
 Failures and repairs at sea 
 Boiler water treatement  
 Boiler tube leaking, how you will find out which tube is leaking, even through 

their having 1000 tube 
 Cross section of boiler in your Ship 
 Evaporation rate
 How to test boiler safety devices with circuit diagram


Model Questions 

 Boiler stopped at low low water level  
What would be your action. 

 How will you check Tube Leakage
 What inspection to be carried out on Boiler water side and smoke side. 
 Difference between a safety valve and a relief valve 
 If a boiler tube is leaking, what is the conventional method of finding out the leaky tube? 



(The ship is out at sea and the boiler has “10000s of tubes” and the leaky one is somewhere 
in the middle of the tube bank). 

 Types of boiler tube corrosion 
 Prepare 4th Engr for boiler water circ pump survey. 
 Draw a boiler with all mountings (from your last ship). 
 T/G interlock and L.O low pressure interlocks, how to test? 
 Draw safety valve. why drain is kept below the spring. how this drain water is drain from V/V 

body. material for V/V body seat, spindle, and others. why V/V body made by cast steel 
 No water on board.  You are 2 weeks away from the nearest port.  Will you use sea water in 

the boiler?  If so what precautions will you take? 
 BLR safety value setting. 
 BLR chemical treatment and what chemical to be used and what value should it be. 
 BLR casing if crack – what to do. 
 Boiler combustion control 
 Position of Boiler gauge glass and water level controllers and relationship between settings. 
 Boiler corrosion. 
 Why do water treatment. 
 How to check the boiler tube leakage and procedure on how to plug the tube. 
 Boiler survey. 
 Explain preparations for Boiler Survey Safety precautions and procedure & areas 
 Give onboard Boiler tests and reasons for the test.  Scenario:  Both P alkalinity and Chloride 

content dropping.  Give reason? ( tube leakage) 
 Draw & explain all types of boiler atomisers 
 Draw & explain boiler feed water system.  Draw & explain control system circuit for boiler 

feed water controller 
 You have found lot of water in service tank.  What is your action.  Your superintendent 

insists that you repair the steam coil leakage.  How will you go ahead with the repair.  
(Looking for draining, isolating the tank and steam coil, air testing of steam coil to confirm 
leakage, enclosed space entry procedure, gas free certificate, ships safety officer, hotwork 
permit and inspection tank by classification society surveyor after repair).  (Informing Master 
Bridge ). 

 Cascade Tank - Looking for draining (Scumming) and finding the fault.  Looking for various 
possibilities, how can water enter to settling tank/service tank. 

3 
General

 Principles involved with operation of :  



a) Pumps, pumping systems 
b) Steering gears, stabilizers 
c) Thrust block, shafting, stern tubes, propellers, shipside fittings 
d) Cargo handling equipment & deck machinery 
e) Refrigeration machines, refrigerants, insulation of holds  

Model Questions 

 Draw steering gear system follow up and non follow up from bridge to steering. 
 Explain the emergency operation mode of steering from diagram. 
 Steer gear draw N.F.U. system and explain 
 What is feed back. 
 What is the function of Auxiliary Ram and Cylinder 
 What are the steering requirement for tankers. 
 Centrifugal pump – draw and explain (with and without diffuser ring). 
 Draw and explain vane type steering gear.   Explain sealing arrangement of the vanes. 
 Plate type coolers – draw gasket sealing arrangement. 
 Draw steering gear. single phasing – Regulation. by pass DV/V - Isolating V/V why & how 

works 
 Draw and explain sewage plant. 
 Draw and explain both types of fuel pumps. 
 Draw steering gear system including from bridge to rudder and explain principle.How to do 

with emergency steering.How to purge air. 
 Refrigerant System draw diagram and explain.  How to change refrigerant. air in the system. 

cold room temp not coming down. 
 Steering system in details.  Single failure concept.  Draw (50%) from transmitted upto 

rudder with single failure concept. 
 Sluggish action of steering gear 
 How to do Air Compressor Survey 
 What are the safety devices fitted and how to test them with circuit diagram 
 2nd stage safety v/v lifting why
 Factors affecting volumetric efficiency
 What are the setting pressure of air relief v/v & LO pressure relief v/v.
 Draw a steering gear system with single failure requirements - from wheel house to steering 

gear platform including electrical circuit (trasmilter, receiver 



 Explain PPt mechanism 
 Draw a by pass v/v and how it works 
 Draw central cooling system, advantage & disadvantage 
 How to protect the cooler from corrosion 
 Draw the refrigeration circuit and explain in detail the importance of each equipment, safety 

devices, cut outs, etc. Short cycling causes & symptoms, charging of refrigerant - 
precautions & procedures.  Disadvantage of gas charging? 

 Draw hydraulic circuit for deck winch & explain. 
 Draw strg gear & explain.  Reasons for sluggish movement of rudder 
 Steering Gear System (H Ram - 50% Torque)  Diagram & its operation, alarm system 
 Draw steering gear mechanisem.  (Electrohydrolic, with electrical transmitter and receiver) 

and explain.  Explain the function of by pass valves, shock relief valves, line relief valves and 
how they work.  (Looking for prevention of hydraulic locking locking by pass valves during 
stand still/dead circuit/ship in port). 

4
Materials 

 Properties, heat treatment & suitability. 

Model Questions 

 What is forging?  Types of crankshafts, their advantages and disadvantages. 
 Heat treatment processes.  An example for each component on board 
 Materials for major components of diesel engine with composition (%) 
 Materials for sea water system 
 Material of fuel oil high pressure pipe 
 What is forging, case hardening, Alloy 
 How will you carry out Cast Iron welding to cracked pump base onboard?  Give also 

precautions? 
 Give propeller materials for modern cargo ship including names of alloying materials and the 

heat treatments given.  Also reason for each alloying material 
 Welding material - why more prone to corrosion 



 Ship Materials. why mild steel is used. properties of HTS. Diff. between HTS & mild steel. 
 heat treatment process. properties of C.Iron. Diff. types of steel and percentage of carbon in 

it. 
 What kind of heat treatment for crankshaft? 
 What is corrosion?  How may types of corrosion?  How corrosion takes place?  What is 

oxygen pilting?  Where in the engine room or what are the areas in engine room where 
corrosion can take place (other than deck). (Looking for definition, flow of OH ions and 
pitting of anode). 

 What is heat treatment?  Where it is applied in machineries?  What is forging?  Why it is 
done and its advantages?  What is surface hardening?  Where it is done?  Draw different 
types of crank shafts?  (Fully, Semi, Forged, Welded). 

5 
Lubricating oils 

 Significance and measurement of viscosity. 
 Aspects and prevention of oil deterioration, additives. 

Model Questions 

 L.O analysis from the chart.  What actions do you recommend as a chief engineer. 
 Cylinder lub oil property 
 Specification of crank case oil 
 Crank-case LO contamination.  Causes & action 
 Steps you will take to keep main Engine Lub. Oil in good condition 
 How as 2nd Engineer you will maintain lubricating oil onl your ship?  (Looking for care taking 

from bunkering, purifying, onboard tests and lab reports with spectrographic analysis). 
 You have mentioned previously that malfunction of purifier can also lead to oil 

contamination?  How it is possible.  Draw & explain purifier bowl.  Gravity disc, point of oil 
entry and exit. 



6 
Fuel Oils

 Types, specifications, storage, removal of impurities 
 Fuel characteristics and combustion 

Model Questions 

 If you get a very bad fuel in your last bunker, how will you manage on board. 

 What are the Standard ISO 1287 RMH 55 limitations for various FO contents (eg. PS 
: Gravity, Viscosity, Flash Point, Carbon Residue, Vanadium aluminium, Water 
Content Sulphur Ash) and their effect on engine if exceeding values. 

 What is the effect of Low Sulphur fuel on engine. 

 What all consideration you will keep in mind before ordering Bunker 

 Effect of Pour Point on Handling Fuel. 

 How to treat fuel oil.  What is the effect about various component. 

 How is the purifier to treat the oil. 
 List down fuel oil specification and problems encountered with fuel oil. 
 Bunker specification. How to remove catalytic fines from fuel. 
 HFO service Tank Drain v/v chocked, how to repair it with necessary safety 

precaution 
 What's viscosity Index? 
 You have found a lot of water in fuel oil settling tank.  What is your action. 



 You have found oil in cascade tank.  What is your action. 
 What are the connections (fittings) in a settling/service tank.  Name them. 

7
Electrotechnology 

 AC/DC machines/motors: Construction, operation, maintenance and protective devices 
 Elementary electronics 
 Electrical measuring instruments 
 Transformers, distribution systems, ac/dc shipboard installations 
 Protective devices, fuses, circuit breakers, earth lamp.  Insulation and insulation testing. 

Model Questions 

 Draw a switchboard distribution system and explain. 
 Regulation for the M.S.B. according to SOLAS 
 Explain how the steering motors are fed from the M.S.B. 
 Steering gear power in emergency.  What are the steering gear motor protection. 
 Emergency generator.  How it is connected to M.S.B (also the shore connection). 
 Duration of transitional batteries 
 Duration of Emergency generator power supply. 
 2 generators are running in parallel.  One starts to shift load on the other.  What can be the 

reason. 
 When an ACB does not close what can the reasons be? 
 Star and delta starting arrangement (with aux contacts) – draw and explain. 
 Earth Fault lamp.  Draw diagram explanation 
 Emergency battery supply emerging power supply regulation requirement. 
 Blackout.  What’s cause.  What to do.  How is the sequence going on. 
 Megger testing 
 Why star delta connection.  Draw the star delta circuit diagram with protection device 
 How many ways to find out earth fault 
 Electrical - AVR figure & explanation 
 Generator - excitation circuit (figure)



 What is a circuit breaker?  Explain how it works?  Draw arc chute arrangement and arcing 
contacts. 

 A/E performance analysing 
 instruct 3/E, how to check A/E for fault finding 
 AVR Draw. problem with AVR/can we run A/E without AVR. 

8 Naval Architecture

 Elementary ship construction 
 Types of vessels, definition and terminology in ship construction 
 Description and functions of major components and materials 
 Stresses in ship structure 
 Structural strength for cargo and machinery space openings 
 Watertight integrity, closing devices, ventilation, air and sounding pipes 
 Principles of stability, effects of free surfaces, load line 
 Tank filling and pumping arrangements 
 Penetration of deck and bulkheads 
 Maintenance and protection of hull, corrosion problems and methods of protection 
 Stresses of the ship 
 Draw aft and arrangement (stern) of ship 
 Difference between Balanced & Semi balanced rudders 

Model Questions 

Load Line

 What as a Chief Engineer to check on Deck. 
 What is the height of vent pipe any casualty (M T Brier).
 What is the significance of knowing these rules (any alteration made should be according to 

the laid up rules). 
 Why machinery and accommodation doors are provided with sill height 
 What are the water tight doors and where you will find them onboard
 What is the difference between water tight and weather tight doors any casuality (Herald of 

Free Enterprise). 
 Prepare for Load Line survey.  What do you do?



Types of surveys? 

 Mandatory certificates on board. 

 Causes of sluggish action of rudder
 Stability free surface effect and how to reduce it. 
 Rudder carrier sectional drawing and explain how it work. 
 How to check the rudder carrier bearing wear down
 Draw Plimsoll mark and explain load line survey 
 Explain difference between weather tight, gas tight and water tight doors 
 Mid-crossection of Bulk-carrier. Functions of various strength members. types of floor, where 

used, distance. EIR bottom arrangement. sheers stake, stringer, stiffener distance, why, 
how. why so many manhole doors in the floor. 

 E/Room exhaust funnel arrangement.  (Exh. of M/E, A/E, boiler) 

9 Fire Fighting 

 Methods of and aids for fire prevention, detection and extinction 
 Principles of operation, application and maintenance of fire extinguishers, respirators, safety 

lamps 
 Fixed fire detection and extinguishing arrangements for accommodation, cargo and 

machinery spaces 
 Precautions against fire or explosion, explosive mixtures 
 Dangers of oil leakage 
 Sources of ignition, safety devices 
 Draw CO2 flooding system & explain 

1. Why master v/v open first 
2. How you will instruct your 4/E before entering into CO2 room 

 What are the fire detectors.  Draw all of them 
 Which one is the most sensitive one 
 Your junior reports to you that exhaust temperature of one unit of Main Engine is high.  



What will be your action.  (Looking for comparing Local & Remote pyrometer and a possible 
cause of scavenge fire). 

Model Questions 

 CO2  Flooding system.  Draw a system with a pneumatic operated cylinder not the 
one with wire and pulley. 

 Draw and explain the High Expansion System 
 Comparison between CO2 and Foam System advantages and disadvantage of each. 
 Draw a smoke type fire detector with circuit. 
 Draw all types of fire detectors. 
 What is a fire tetrahedron? 
 What is a fire door? 
 Smoke detector (ionisation, light scattering). 
 What inspection and maintenance you do on the fixed CO2 system. 
 Give one fixed fire fighting equipment arrangement.  Draw & Describe.  Give 

technicalities of foam for this purpose. 
 Disadvantages.  Paint locker fire fighting arrangement 
 Draw 9L CO2 extinguisher 
 CO2 flooding system/requirement/regulation (figure) 
 (CO2 cabinet door circuit) 
 Draw & explain all types of fire extinguishers 
 What is fire tetrahedron?  What is its importance?  Draw the tetrahedron and explain 

sides. 
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Safe working practices 

 Overhauling machinery 
 Safety in workshop 
 Handling of repairs of electrical machines and systems 
 Protective equipment, lifting tackle 
 Entering tanks and void spaces



 Vessels in dock, overhauls at shipyards 
 Taking bunkers 
 Explain a thorough scavenge space inspection? 

Model Questions 

 Entry enclosed space procedures 
 Atm check ( all level, after stop vent 10 min, if swash bulkhead – take every compartment, 

EEBD – take atm sample, check with previous cargo msds, ballast tank – rust – oxygen 
deficiency, CO2, Onboard RX 517 –multigas meter -2 set, dragger tube 2 set, personal gas 
meter HC,O2, H2S, OEL – 50% OF twa,tlv,H2S=0 PPM,Benzene -0.5 ppm,) 

 Gas free, 1%LEL, 21% Oxygen,other toxic gas free,  
 Continuous vent, train BA set, life line & harness,resuscitator, attendant person at enterance, 

if break time , check the atm again, at least 2 person together except small space such 
c/case , communication, approve light,  

 Which part of the engine room cannot do welding 
 Engine room overhead crane testing procedure(load test) 
 Tanker hazardous area 
 FWD deck store, one of the bracket is broken in oil tanker, with necessary safety precaution 

how to repair it 
 Between 30 m radius  - all tank including diagonal tank to be gas free or reduce to 2% 

volume HC and inert. Other tank are keep inert, the space where carry out hotwork must 
gas free, 1% LEL & Oxygen 21%, all bulkhead that between 500 mm from hotwork – check 
other side of bulkhead and keep as hot work standard. All connection and pipe with connect 
with space to be hot work are flush with water or down 2% volume HC and inert, hot work 
space to be continuous vent and take measure atm, all sludge and substance with release 
inflammable vapor are removed to slop barge or keep in 30 m distance non adjacent tank 
and close manhold cover, all ig vent not release ig in uncontrol manner. 

 Draw IG system, all safety devices testing 
 PV breaker, Deck Seal Draw 
 Aftpeak tank enclosed space entry to be made.  Describe procedure & planning (if entry 

from steering gear room where lot of activity). 
 Give planning and safe working practice procedure for Main Switch Board Testing 
 Tanker dangerous zones - draw and the kind of apparatus in each zones & why 
 CO2 room entry procedure 
 CO2 room maintenance 
 Hot work permit. can we do hot work in the E/R. 



 You are a 2nd Engineer and you have a level guage on bunker tank of your ship.  It is 
getting spoiled.  Will you wait till it gets completely spoiled or you will try to do something 
with it? 



1
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Automation and instrumentation

 Fundamentals of automation, instrumentation and control systems 
 Periodically unattended machinery, techniques and work practices 
 Bridge control  

Model Questions 

 Draw ACC for boiler. 
 ACC = Auto combustion control is part of ABC, Auto boiler control  = A.C.C + water level 

control  
 Purge, air flat down to ignition position, ignitor pump start, spark plug on, flame sensor start 

, if ok , open fuel and steam atom, main flame on,  
 Explain how level measurement is done on board? 
 Bubbler , constant flow controller  control the flow 0.5m3/min, tank pressure head is high, 

flow will reduce, constant flow controller increase the flow to reach 0.5m3/min, this action 
will increase pressure at bubbler air line, sensor detect this pressure and convert to head 
height 

 Types of protection for heat exchangers 
 What is back flushing of a cooler and how is it done? 
 Explain the construction of an explosion proof equipment. 
 Draw a control circuit of viscotherm 
 Draw M/E Jacket cooling water controller including line diagram with flapper, nozzle 

mechanism 
 How to avoid Jkt water controller hunting during engine manoeuvring and reasons 
 Put into service jaket heater and ht cooler . increase the rpm in control manner, proportion 

gain keep just below hunting point,  
 Control - PID controller, Fig. and operation 
 How may types of level gauges.  Draw & explain any one of them? 



 What are the UMS ship requirements?  Have you worked on UMS ships before? 
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Emergency procedure and equipment

 Grounding 
 Damaged propeller 
 Failure of steering gear 
 Abandon ship  

Model Questions 

 Scenario 
Company ordered master to reach port before sunset , otherwise they will have to wait at anchorage 
for 3 to 4 days.  So master alter his courage and while running at full RPM, the ship ran aground.  
Describe being Chief Engineer, what immediate action to be taken.  Briefly about Survey Port State 
Control. 

 Closing arrangement of E/R dampers and quick closing valves.  Explain the working. 
 Grounding.  What to do. 2/E duty when ship grounded. what is the position of the sounding 

cap. why main brg can be damage when grounded. 
 Crankshaft deflection after made sure turning gear amp is ok, sounding for all e/r tank, 

sounding near ship,don’t use astern power except detail of condition is ensure, upright list, if 
need outside power inform to office. Check all tank flooding,  

 Rescue from enclosed space 
 Inform bridge, st by attendant at enterance, make good for communication, made ready 

resuscitator, take harness and life line, if available space enter 2 person with ba set , life 
line, make agree signal for life line, continuous vent,  & atm check,  

 If there is an emergency or critical equipment failure on your joining vessel, how will you 
handle it? 

 Inform office , e/r change to ums to manned, if ows record in orb, raise mr, if fire detector – 
arrange fire watch for this space, 

 If new 4/E joins with you how will you instruct about fire fighting (scenario: puri room fire) 
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Pollution 

 Regulations to be observed to prevent pollution of marine environment.  Port regulations, 
International Regulations – MARPOL 73/78 

 Methods and aids to prevent pollution:  
Oil filtering equipment, oil content monitor, sewerage treatment plant, incinerator.  

Model Questions 

 MARPOL annex I Reg.15– Discharge of oil. 

Regulation 14 - Oil filtering equipment



6.Oil filtering equipment referred to in paragraph 1 of this regulation shall be of a design approved 
by the Administration and shall be such as will ensure that any oily mixture discharged into the sea 
after passing through the system has an oil content not exceeding 15 parts per million. In 
considering the design of such equipment, the Administration shall have regard to the specification 
recommended by the Organization. see footnote 

7. Oil filtering equipment referred to in paragraph 2 of this regulation shall comply with paragraph 6 
of this regulation. In addition, it shall be provided with alarm arrangement to indicate when this level 
cannot be maintained. The system shall also be provided with arrangements to ensure that any 
discharge of oily mixtures is automatically stopped when the oil content of the effluent exceeds 15 
parts per million. In considering the design of such equipment and approvals, the Administration 
shall have regard to the specification recommended by the Organization 

MARPOL - International Convention for the Prevention of Pollution from Ships - Annex I of MARPOL 
73/78 Regulations for the Prevention of Pollution by Oil - Chapter 3 - Requirements for Machinery 
Spaces of All Ships - Part C - Control of Operational Discharge of Oil - Regulation 15 - Control of 
discharge of oil - A. Discharges outside special areas  

A. Discharges outside special areas  



2. Any discharge into the sea of oil or oily mixtures from ships of 400 gross tonnage and above 
shall be prohibited except when all the following conditions are satisfied:  

.1. the ship is proceeding en route;  

. SEE INTERPRETATION 28

.2. the oily mixture is processed through an oil filtering equipment meeting the requirements of 
regulation 14 of this Annex;  

.3. the oil content of the effluent without dilution does not exceed 15 parts per million;  

.4. the oily mixture does not originate from cargo pump room bilges on oil tankers; and  

.5. the oily mixture, in case of oil tankers, is not mixed with oil cargo residues 

B. Discharges in special areas  

3. Any discharge into the sea of oil or oily mixtures from ships of 400 gross tonnage and above shall 
be prohibited except when all of the following conditions are satisfied:  

.1. the ship is proceeding en route;  

.2. the oily mixture is processed through an oil filtering equipment meeting the requirements of 
regulation 14.7 of this Annex;  

.3. the oil content of the effluent without dilution does not exceed 15 parts per million;  

.4. the oily mixture does not originate from cargo pump room bilges on oil tankers; and  

.5. the oily mixture, in case of oil tankers, is not mixed with oil cargo residues.  

4. In respect of the Antarctic area, any discharge into the sea of oil or oily mixtures from any ship 
shall be prohibited.  

5. Nothing in this regulation shall prohibit a ship on a voyage only part of which is in a special area 
from discharging outside a special area in accordance with paragraphs 2 of this regulation.  





 Discharge of Oil 
 Oil Record Book 
 ODM  Regulation 
 Regulations for Tankers to discharge oily mixture 
 What is marpol 73/78? Annexe 1 – what do you know? 

Annex I of MARPOL 73/78  

Regulations for the Prevention of Pollution by Oil  



 Pollution prevention draw diagram O.W.S and explain. 


 What is the duty for 2/E about bunkering .What to do if the oil spill.What content of sopep. 
 Oily water separator drawing and explain operation and what is siphon tube purpose. how oil 

probe working. oil record book, why we should we make entry when any bilge operation 
 Explain Marpol annex I and requirement pumping bilges in special area 
 Annex I - Reg, 4, 9, 10, 16, 20, 26 explain 
 What are the items recorded in oil record book 
 Bilge tank retain weekly, sludge tank retain weekly, incinerator burning, evaporate tank 

evaporate, dispose to shore or barge of sludge, bilge, transfer bilge - bilge well to bilge 
tank,bunker of f.o, lube oil in mts, 

 Draw oily water separator & explain 
 How the 15 ppm alarm works 
 Give all annexes of Marpol 73/78.  Describe & list oil discharge regulations for tanker cargo & 

engine room oily water mixture. 
 Give areas & reason for designating an area as special. 
 Draw IG system and Describe. Give safety features - IG systems alarms, trips, interlocks 
 Scrubber temp high, flame failure of main burner, flame failure of ignitor, oxygen high alarm, 

scrubber level alarm, valve position wrong alarm, cooling chamber water pressure low, deck 
pressure low alarm , high alarm, deck sea pressure low alarm, 

 Scenario:  Service tank drain v/v choked actions? 
 Oily-water separator (diagram). Operation of oil level sensing probe (Electrical Circuit). 

Operational procedure. 
 Annex 1 in detail (oil pollution) 
 Annex 5 in detail (garbage) 
 Draw and explain oily water separator.  What is the starting procedure?  (Looking for Noting 

down position from bridge and recording in ORB).  What do you understand by MARPOL?  



What are the Annexes?  Why you take positions when starting oily water separator.  Why it 
is purged and filled with seawater before starting. 

 oil record book, why we should we make entry when any bulge operation 
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Duties 

 Administrative duties: writing of reports, preparing log abstracts, maintaining store 
inventories, requisition of consumable stores and spare parts 

 Organisation and training of staff for 
a) normal duties 
b) emergency duties 
c) use of safety equipment  

Model Questions 

 About ISM 
 2nd Engineer Duty. 
 C.e duty – advice about tech matter, engine dept training, oversee pms, survey, fo lo 

hydraulic oil management, 
 How to make junior work safely and how to train newly joined cadet. 
 Familiarization,  
 You are newly promoted to rank of 2/E and visit office, what are the things you will find out 

from office and why? 
 After joining the vessel, what are the things you will do, priority wise? And why? 
 Fire and safety, check defect items, survey due, pms due,  
 In case Second Engineer and other engineers are too busy, how will you find out the 

Emergency and safety equipment locations and emergency escape routes?  (From LSA, FFA 
plans posted near ships office) 

 How will you know about condition of LSA, FFA equipments? (Record Books) and other 
emergency equipments 

 Test log 
 Give the definition of ISM, dates of incorporation of 2 phases, tonnages applicable to diff 



ships. Mention different clauses of ISM and SMS and explain 
 International safety management  
 Explain "Training of Staff" (in accordance with regulations) 
 Give certificates & validity (carried onboard) 
 Engine room safety equipment survey preparations. 
 How will you train your Junior Staff? 
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Casualties 

 Knowledge of casualties (at sea or in port), lessons learnt, methods of prevention 
 Understanding and compliance with recommendations laid out in Shipping circulars, 

Merchant Shipping Notices  

Model Questions 

 Discuss a few casualties which you have read about, the lessons learnt and methods of 
prevention. 

 Differences between M notices and Shipping circulars 
 What are the shipping circulars ?.  Give Example 

1-MC engine ေတြမွာ ထိပ္ဆုံး piston ring ကုိ  CPR RING သံုးထါးတယ္။ ဒါကုိသုံးလိ၇ုလါတ႔ဲ အက်ိဳးေတြကဘါေတြလဲ 

ထ ိပ္ ဆံ ဳးring မ ွာ ဖ ိအါး relief ေလ်ာ႔ ေပးတ ဲ႔  relief grooves ေတြ ပါပါတယ ္။ အ ဲဒါ ေတြ ေၿကာင္ ႔  cylinder liner 
မ်က္ ႏွ ာၿပင ္ န ဲ႔  ေအါက ္က piston ring ေတြ ေပၚheat load ေလ်ာ႔ ခ်ေပးပါတယ္ ။ mean indicated pressure ဟါ 
အ၇င ္ တံ ု းကလ ို  ring gap တခု ထဲကေနထ ိ ုးထြက္ တါမ်ိ ဳးမဟ ုတ ္ဘ ဲrelief groove ေတြကေန ညီ ညီ မွ ်မွ ် ခြ
ထဲြက္ လိ  ု႔  LINER နဲ ႔   SECOND PISTON RING ေတြ ေပၚ အ၀န ္းတေလ်ာက္  ည ီမွ ်တဲ ႔  TERMAL LOAD က ို  ခြ ဲ
ေပးပါတယ။္CPR Ring ေၿကာင ္႔  ဒ ုတ ိယ ring ေပၚသက ္ေ၇ာက ္အပ ူခ် ိန္ က ို  300’C To 150’cထိ ေလ်ာ႔ ႏိ  ုင္ တယ္ 
လ ို ႔ ဆ ိ ုပါတယ ္။လ ို င ္နာအ၀န ္းတ ေလ်ာက ္ညီ မွ ်တ ဲ႔  ဖ ိအါးသက္ ေ၇ာက ္မွ  ုေၿကာင္ ႔  liner  စါးတ ဲ႔  ပ ံု စံ က ို  
ည ီမွ ်ေစပါတယ ္။ 

၂-အခိ်ဳ႔ 4 STROKE ENGINE ေတြ၇ဲ႔ EXHAUST VALVE DIAM က INLET VALVE DIAM ထက္ေသးတယ္။ဘါလုိ႔လဲ၊ 



ၿမင ္႔ တ ဲ႔  HIGH COMPRESSION RATIO ၇ေအါင္  ( COLD START လြယ ္လ ို႔။LIGHT LOAD HIGH SPEED 
RUNNIG ေကါ ္င္ းလ ို ႔ ) EXHAUST VALVE DIAM က ို  INLET VALVE DIAMထက္ ေသးထါးပါတယ္

၃-VIT ENGINE မွာ UPPER BREAK POINT နဲ႔  LOWER BREAK POINT ကဘယ္ေလါကစ္ီလ၊ဲ UPPER BREAK 
POINT က ဘါလုိ႔ထါး၇တါလဲ

၄၅% နဲ႔ ၈၅% OF LOAD,၈၅% ေ၇ာက၇္င္ Scavenge air pressure ၿမင္႔လို႔ compression pressure ၿမင္႔လါတယ္။ vit 
ဆက္တင္ထါး၇င ္Pmax က design point ထက္ၿမင္႔သြါးနိင္တယ္။

၄-oblique type connecting rod ေတြ၇ဲ႔ bearing bore ေတြက ၇ိုး၇ုိး connecting rod bore ေတြထက္ ovality 
ၿဖစ္ဖို႔ပုိမ်ားတယ္။ ဘါေၿကာင္႔လ။ဲ

Crank bearing bore ovality ၿဖစ္ ၇တ ဲ႔ အေၿကာင ္း။ suction stroke မွ ာ ၿဖစ္ တဲ ႔  ပစ္ စတင ္၇ဲ ႔  inertia force က
bearing keep 2 ၿခမ္ းက ို  ဆ ဲြခြ ါသလိ ု  သက ္ေ၇ာက ္ပါတယ္ ။ oblique type connecting rod ၇ဲ႔ upper serration 
mating surface opening ပ ို မ်ားလါတယ္ ။ fretting ေၿကာင ္႔  upper serration wear out ပိ ု ၿဖစ ္လါတယ္ ။ ဒ ီေတါ႔
serration surface – 2 ခ ုထ ိတဲ ႔ area နလဲါတယ္ ။ bolt ၇ ဲ႔  axial force က်လါတယ္ ။ဒါေၿကာင္ ႔ Serration ေတြ ပိ ု
စါးလါတယ္ ။ ၿကာေတါ႔  bearing bore ဟါ elliptical shape ၿဖစ္ လါတယ ္။တင ္းေအါင္  တိ ု က ္လ ဲbearing 
clearance က်လါၿ႔ ပီ း bearing ေလါင္ တါၿဖစ္ လါမယ္

၅-CPP SYSTEM တခုမွာ PROPELLER PITCH ကိ ုေနာက္ၿပန္မလည္ဘ ဲေ၇ာက္တဲ႔ေန၇ာမွာ ၿငိမ္ေနေအါင္ဘါနဲ႔ထိန္းလ၊ဲ

တကယ္ လ ို ႔ OIL DISTRIBUTION BOX ရဲ ႔  AHEAD & ASTERN PORT ေတြမွ ာ PRESSUREမ၇ိ  ွခဲ ႔ ရင္ (တနည္
းအါးၿဖင္ ႔ OD BOX ကိ ု  အလု ပ္ မလု ပ္ ခိ  ုင္ းထါးရင္ ) COUNTER BALANCEဟါပိ တ ္ေနပါမယ ္။အဒဲ ီလ ို ပိ တ္
ေနလိ ု ႔ PITCH က ို ေရာက ္တ ဲ႔ ေနရာမွ ာ ၿင ိမ္ ေနေအါင္ထ ိန္ းထါးႏ ိ ုင္ တါပါ။servomotor ဟါေ၇ာက ္တ ဲ႔ ေန၇ာမွ
ာၿငိမ ္ေနပါမယ္

၅-အင္၈်င ္performance ယူ၇င္ လိုတဲ႔ data ေတြ။(ဥပမါ။- fuel pump index –etc) ကဘါေတြလဲ၊

 Engine performance observations

1-PMI or indicator measurement, 2-fuel pump index, 3-exh gas temp, 4-exh gas temp before & after 
turbocharger, 5-exh pressure turbine outlet= back pressure, 6-exh receiver pressure, 7-turbocharger inlet 
temp at inlet filter(not engine room temp), 8-pressure drop across comp inlet filter, 9-scav air cooler 
pressure drop, 10-air cooler water inlet and outlet temp, 11- scav receiver pressure, 12-scav air temp, 
13-scav air temp before air cooler, 14-scavenge air temp after air cooler, 15-fresh cooling water outlet 
temp from main engine Pressure -5-turbine back pressure, 6-exh gas receiver pressure, 8-pressure drop 
across turbine air filter, 9-pressure drop across air cooler, 11-scav air pressure

Additional reading -Turbocharger rev, fuel oil pressure, fuel temp before engine, fresh cooling inlet water 
temp, barometric pressure, engine rpm, sea water temp

၆-mean indicated pressure ဘယ္လိုတြက္လို႔၇လ။ဲ mean effective pressure နဲ႔ဘယ္လုိဆက္ႏြယ္မွု၇ွိလ။ဲ 



Mean indicated pressure = area of planimeter/( length of indicator diagram x spring constant) 

Mean effective pressure = mean indicated pressure – 1 bar (1bar = mechanical loss) 

၇- 2 stroke engine ေတြမွာ piston ring SCUFFING ဘါေၿကာင္႔ၿဖစ္၇လ၊ဲ 

-PISTON RING DESIGN ညံ႔လုိ႔။PRESSURE & TEMP Distribution မညီေတါ႔ cyl oil ေတြ liner ေပၚမွာ 
ပ်က္တဲ႔ေန၇ာပ်က္ ၿဖစ္တယ္။ 

-charge air ထေဲ၇ေငြ႔ေတြပါေတါ႔ liner မ်က္ႏွာၿပင္ေပၚက cyl oil ကုိပ်က္ေစတယ္။ 

-cyl oil က thermal stability/ detergency/dispersancy မေကါင္းေတါ႔ cyl oil ေတြ အေငြ႔ပ်ံသြါးလို႔

-fuel oil ထမွဲာ catfine ေတြပါ၀င္နုွန္းမ်ားၿပီး ring & liner ၿကားညပ္လုိ႔ 

-liner temp ၇ိွသင္႔တါထက္မ်ားေတါ႔ cyl oil film ေတြ evaporate ၿဖစ္သြါးလုိ႔

သေဘၤါေပၚမွာ ဘါ drill ေတြ၇ွိၿ႔ပီး ဘယ္ေလါက္တခါလုပ္တတ္လဲ 

. 

1   1 MONTH Abandon Ship  

2   *1 Month 
Rescue Boat Lowered into Water and 
Maneuvered 

3   1 MONTH Fire Fighting & Explosion 
4   1 MONTH Oil Pollution 
5   1 MONTH Rescue Operation Within Enclosed Space 

6   3 MONTH Life Boats Lowered into Water and Maneuvered 
7   3 MONTH Steering Gear & Gyro Failure 
8   3 MONTH Main Engine Failure & Black Out 
9   3 MONTH Pirate Attack 

10   3 MONTH Helicopter Rescue 
11   3 MONTH Toxic Vapour Release 
12   3 MONTH Heavy Weather Damage 
13   6 MONTH Collision 
14   6 MONTH Grounding 
15 6 MONTH Flooding
16 6 MONTH Search, Rescue & Salvage
17 6 MONTH Man Overboard & Serious Human Injury
18 6 MONTH Emergency Towing 



19   6 MONTH Break Away from Jetty during Cargo Transfer 
*Rescue boats other than life boats, shall be launched each month and maneuvered in the water. In all cases this 
requirement shall be completed with at least once every three months 

8- combustion ၿဖစ္တဲ႔အခ်ိန ္အင္ဂ်င္ထကဲ top  piston ring ေပၚသက္ေ၇ာက္တဲ႔ pressure ဟါ mean effective 
pressure လါး။ mean indicated pressure လါး။ 

mean indicated pressure 

၉-အခုေနာက္ပုိင္း MAN B&W M.E ENGINE ေတြမွာ FUEL PUMP PLUNGER ေတြမွာ HELIX မပါေတါ႔ဘူး.အဒီဲ HELIX မပါတဲ႔
PLUNGER သံုးထါးတဲ႔ FUEL PUMP ေတြ၇ဲ႔ HELIX သံုး FUEL PUMP ေတြထက္ပိုေကါင္းတဲ႔အခ်က္ေတြကဘါေတြလဲ။ ပုိေကါင္းလို႔လဲ 
သံုးလါတါေပါ႔။ 

As the timing in the valve-controlled fuel injection pump is not controlled by a helix, the plunger has a 
significantly greater sealing length, thereby resulting in a higher volumetric efficiency. Owing to this, the 
torque in the camshaft is some 15 per cent lower than in a helix-controlled pump, for the same fuel 
injection pressure. 

 fuel injection without helix pump is far more stable, at very low loads, so that no special measures are 
necessary to operate the engine at low loads 

No helix plunger fuel pumps are fully cavitation free. In helix-controlled pumps, cavitation has always 
been a problem and will remain a problem in the future, 

After prolonged operation, jerk type fuel pumps wear on the top edge of plunger and edges of spill ports 
and helix due to erosion by high pressure fuel as it spills. This wear would result in Late start of injection 
and early end of injection 

၁၀-အဲဒ ီME ENGINE မွာဘ ဲFUEL PUMP ေတြကို HYDRAULIC PISTON ေတြနဲ႔ ေမါင္းတယ္။ ဘါလုိ႔ အ၇င္လိ ု၇ုိး၇ုိး 
CAM နဲ႔မေမါင္းေတါ႔တါလဲ။ ဘါေတြပိုေကါင္းတဲ႔အခ်က္၇ွိလိုလ။ဲ 

cam  ဘ ု(  profile  )  control  injection  system  မ ွာ  injection  pressure  ဟါ 

ပလန္ ဂ်ာ  အတက္ အဆင ္းအၿမန္ ႏွ ဳန ္း၊  inject  လု ပ္ တ ဲ႔ ဆ ီပမာဏ  တ ို ႔ ေပၚမူ တည္ ေနပါတယ္ ။  MEP  ၿမင္ ႔
တ ဲ႔အင္ ဂ်င ္က ို   ဒ ီ  cam  ဘ ု  profile  နဲ ႔ ထိ န ္းတဲ ႔   fuel  pump  သံ  ုးခဲ ႔ ၇င္   Low  speed  &  low  load  
rangeနဲ ႔ ေမါင ္းေနတ ဲ႔ အခါ  injection  pressure  ဟါ  ထ ုိ းက်သြ ါးပါတယ ္။  injector  ၇ ဲ႔   automization  စြမ္
း၇ည္ ဟါ injection  pressure  ေပၚတည ္ေနတါေၿကာင ္႔   automization  process  ဟါ  သ ိသိ သါသါဆ ို
း၇ြားလါပါတယ ္။ 

Electronic timing မွာ timing  ေစါဘိ ု ႔ ဆ ိ ု၇င ္ return solenoid  valve  က ို ေစါေစါပိ တ္ ေပး၇မ ွာၿဖစ္ လ ို ႔   အဒဲီ

အခ် ိန္ မွ ာ၇ ိွ ေနတ ဲ႔   low  injection  pressure  ဟါ  penetration  န ဲ႔   automization  က ို   ထိ ခိ ု က ္တါေၿကာင္ ႔
complete combustion  ၇ဖ ိ ု႔ ခဲယဥ ္းပါတယ္ ။  ဒါက ိ ုကါကြယ္ ဖိ  ု႔   အတြက္   high  injection  pressure  ၇ဖ ိ ု႔ ဆိ ု 



camဘု ကိ ု   အလြန ္  steep  ၿဖစ ္ေအါင ္လ ုပ္ ၇မ ွာၿဖစ္ ပါတယ္ ။ဒါဆ ို လဲ  cam  shaft  ေပၚမ ွာ  high  torque 
သက္ ေ၇ာက ္လါလ ို ႔   ဒါက ို ေၿခေဖ်ာက ္ဖိ ု ႔   fuel  cam  shaft  မ ွာေတါင္   vibration  damperတပ္ ဖိ  ု႔ လိ ု ေကါင္
းလ ိ ုလါပါမယ ္။ဒါေၿကာင္ ႔   conventional  unit  pump  ကိ  ု  solenoid  valveနဲ ႔ ထ ိန္ းသိ မ ္းေမာင ္းတါဟါ လံ ု
း၀ၿပည္ ႔ စု ံ တဲ ႔ အေၿဖတခ ုကိ ု မေပးပါဘ ူး ဒါေပမဲ ႔   MAN B&W ME  အင ္ဂ် င္ ကဒ ီၿပသနာ၇ ဲ႔ အေၿဖက ို
ေပးပါတယ္ ။Camshaft  control diesel  engine  ၇ ဲ႔ အါးနည္ းခ်က္ က ို   camshaft-less  control  န ဲ႔
ေဖ်ာက္လုိက္ပါတယ္။fuel  injection  pump  ၇ဲ ႔   plunger  ကိ  ု  hydraulic  pistonကထု တ္ တ ဲ႔ hydraulic  oilန ဲ႔
ေမါင ္းပါတယ္ ။(injection pressure 600 – 1000 bar ေလါက္ ထု တ္ ေပးပါတယ ္။) ။ 

11-reverse osmosis ဆိုတါဘါလ။ဲ osmosis ဆုိတါေကါဘါလ၊ဲ 

“ Reverse  Osmosis”,  is  the  reverse o f the natural  process called  “Osmosis". 

The principal - When two solutions of different concentration are separated by a semi-permeable 
membrane, the less concentrated solution will flow towards the more concentrated solution side of the 
membrane. In a sea-water application the natural, osmosis, would be towards the saltier 
solutionပင္လယ္ေ၇နဲ႔ေ၇ခ်ိုဳလိ ုေ၇ ၂ မ်ိဳးကိ ုsemipermeable membrane နဲ႔တါးထါး၇င ္ေ၇ခ်ိဳကသါ ပင္လယ္ေ၇ဖက္ကုိ
သြါးလိမ္႔မယ္။ ဒါကုိ osmosis လို႔ေခၚတယ္။ 

ဒီတခါေမးခြန္းေတြကလြယ္လုိ႔ ေၿဖေပးစ၇ာမလုိဘးူထင္၇ဲ႔ 

1-MC engine ေတြမွာ ထိပ္ဆုံး piston ring ကုိ  CPR RING သံုးထါးတယ္။ ဒါကုိသုံးလိ၇ုလါတ႔ဲ အက်ိဳးေတြကဘါေတြလဲ 

၂-အခိ်ဳ႔ 4 STROKE ENGINE ေတြ၇ဲ႔ EXHAUST VALVE DIAM က INLET VALVE DIAM ထက္ေသးတယ္။ဘါလုိ႔လဲ၊ 

၃-VIT ENGINE မွာ UPPER BREAK POINT နဲ႔  LOWER BREAK POINT ကဘယ္ေလါက္စီလ၊ဲ UPPER BREAK 
POINT က ဘါလုိ႔ထါး၇တါလဲ

၄-oblique type connecting rod ေတြ၇ဲ႔ bearing bore ေတြက ၇ုိး၇ုိး shank type connecting rod bore ေတြထက္
ovality ၿဖစ္ဖို႔ပိုမ်ားတယ္။ ဘါေၿကာင္႔လ။ဲ

၅-အင္၈်င ္performance ယူ၇င္ လိုတဲ႔ data ေတြ။(ဥပမါ။- fuel pump index –etc) ကဘါေတြလဲ၊

၆-mean indicated pressure ဘယ္လိုတြက္လို႔၇လ။ဲ mean effective pressure နဲ႔ဘယ္လုိဆက္ႏြယ္မွု၇ွိလ။ဲ 

7-သေဘါၤေပၚမွာ ဘါ drill ေတြ၇ွိတတ္လ။ဲဘယ္ေလါက္တခါေလါက္လုပ္တတ္လဲ။အဒဲီ drill ေတြနဲ႔ပက္သတ္ၿပီး solas 
ဘယ္ chapter နဲ႔ဘယ္ code ထမဲွာသြါး၇ွာ၇မလ။ဲသေဘါ္ေပၚမွာေ၇ာဘယ္မွာအေသးစိတ္ေဖၚၿပထါးလ။ဲ 

8- combustion ၿဖစ္တဲ႔အခ်ိန ္အင္ဂ်င္ထကဲ top  piston ring ေပၚသက္ေ၇ာက္တဲ႔ pressure ဟါ mean effective 
pressure လါး။ mean indicated pressure လါး။ 

၉-အခုေနာက္ပိုင္း MAN B&W M.E ENGINE ေတြမွာ FUEL PUMP PLUNGER ေတြမွာ HELIX မပါေတါ႔ဘူး.အဒဲ ီHELIX 
မပါတဲ႔ PLUNGER သုံးထါးတဲ႔ FUEL PUMP ေတြ၇ဲ႔- HELIX သံုး FUEL PUMP 
ေတြထက္ပိုေကါင္းတဲ႔အခ်က္ေတြကဘါေတြလ။ဲ ပုိေကါင္းလုိ႔လဲ သံုးလါတါေပါ႔။ 



၁၀-အဲဒ ီME ENGINE မွာဘ ဲFUEL PUMP ေတြကိ ုHYDRAULIC PISTON ေတြနဲ႔ ေမါင္းတယ္။ ဘါလုိ႔ အ၇င္လိ ု၇ုိး၇ုိး 
CAM နဲ႔မေမါင္းေတါ႔တါလဲ။ ဘါေတြပိုေကါင္းတဲ႔အခ်က္၇ွိလိုလ။ဲ 

11-reverse osmosis ဆိုတါဘါလ။ဲ  

၁၂-ပင္လယ္ေ၇နဲ႔ေ၇ခ်ုိဳလုိ ေ၇ ၂ မ်ိဳးကိ ုsemi-permeable membrane နဲ႔တါးထါး၇င္ ေ၇ခ်ိဳကသါ ပင္လယ္ေ၇ဖက္ကုိ 
သြါးလိမ္႔မယ္။အဲဒီ သဘါ၀ၿဖစ္စဥ္ ကိုဘါေခၚလ။ဲ 

4 stroke engine ၿပသနာအခ်ိ ႔ဳ

Blow kick လုပ္တဲ႔အခါ Crankshaft မလည္၇င္
turning gear မၿဖဳတ္၇ေသးလို႔
starting air pressure နေဲနလို႔ ေလအိုးကဘါးပိတ္ထါးလုိ႔  
ဆလင္ဒါဟက ္က starting valve က်ပ္ေနလုိ႔
air distributor jam ၿဖစ္ေနလုိ႔
starting air solenoid မေကါင္းလို႔
inlet& exhaust valve tappet ခ်န္ိတါမွားၿပီး"negative" valve clearance ၿဖစ္ေနလုိ႔
external starting automation ကပိတ္ထါးလို႔ ( အခ်ိဳ႔အင္ဂ်င္ေတြမွာlub oil pump , gear oil pump မေမါင္း၇င္ air 
kick မ၇ပါဘူး) 
4 stroke engine လဲ 2 stroke engine လုိ automatic valve ပါတတ္တယ္။start button နွိပ္၇င္ pilot air 
တခုကအဒဲီဘါးကုိပြင္႔ေစတယ္။)အဲဒ ီbutton ပ်က္လုိ႔ pilot air မသြါး၇င ္( manual နွိုးဖုိ႔ ပါတတ္တယ္။) 

Crankshaft လည္ေပမဲ႔ engine fire မၿဖစ၇္င္
-automatic shut-down device ကုိ reset မလုပ၇္ေသး၇င္
-ဂါဗနာကLoad limit ကုိတအါးခ်ထါး၇င္
Overspeed trip device ကၿဖတ္ထါး၇င္
ဂါဗနာမွာ၇ွိတဲ႔ Starting fuel limiter ခ်ိန္တါမွားေန၇င္
ဂါဗနာမွာတြဲထါးတဲ႔ Starting booster အါးက်ေန၇င္
Governor oil pressure သိပ္နလဲို႔ power piston အါးက်ေန၇င္
ဂါဗနာနဲ႔ injection pump ေတြၿကား linkage ေတြမေကါင္း၇င္
တခ်ိ ႔ဳfuel control rack ေတြ jam ၿဖစ္ၿပီးဆီမလြတ္ေပး၇င္
Fuel pump stop cylinder ေတြ ဆြဲ၇ပ္တဲ႔ အေနအထါးမွာက်ပ္ေန၇င္
injection system ကုိ vent မလုပ္ထါး၇င္ ( mixing tank မွာ vent cock ၇ိွတတ္တယ္။) 
isolate valve ပိတ္ထါး၇င္။ quick closing valve ပိတ္ထါး၇င္
fuel pump နဲ႔ injector ၿကားမွာ injection pipe ေတြမက်ပ္ထါး၇င္။( fuel leakage alarm လါတတ္ပါတယ္။) 
Fuel filter ေတြပိတ္ေန၇င ္။ 3 way cock လွည္႔ထါးတါမွားေန၇င္
Tank valve ေတြပိတ္ထါး၇င္
Booster , supply pump မေမါင္းထါး၇င္။ 
အင္ဂ်င ္warmingမေပးဘဲဆီညံ႔နဲ႔ႏွုိး၇င္
ဆီထဲေ၇ပါေန၇င္



Safety shut down ေတြစမ္းၿပီး ၿပန ္reset မလုပ္ထါး၇င္

Engine Fires Irregularly 

တခ်ိ ႔ဳ Injection pump control rack ေတြ ခ်ိန္ထါးတါမွားေန၇င္
Fuel injection pump ေတြ overhaul လုပ္ၿပီးၿပန္ဆင္တါမွားေန၇င္
Injection pump မေကါင္း၇င္
Injection valve ေတြမေကါင္း၇င ္nozzle holes ေတြပိတ္ေန၇င္
Piston ringsေတြက်လုိ႔ too low compression pressure ၿဖစ္၇င္

Engine Speed Not Stable( speed မမွန္၇င္)
Governor adjustment မွားၿပီး  too low compensation ၿဖစ္ေအါင္ခ်ိန္ထါး၇င္
Fuel feed pressure အ၇မ္းနေဲန၇င္
ဆီထဲေ၇ပါေန၇င္ (Injection pump vapor lock ၿဖစ္ေန၇င္) 
Loading automation (eg. Controllable pitch propeller)ဖက္ကေပးတဲ႔ signal မွားေန၇င္
Engine unit အခ်ိဳ႔ idle မွာအလုပ္မလုပ္၇င္( fuel pump helix ထိပ္နားစါးေန၇င္) 
ဂါဗနာနဲ႔ injection pump ၿကားlinkageေတြ clearance မ်ားေန၇င္
Fuel feed pressure သိပ္မ်ားလုိ႔ injection pump အတြင္း friction ၀င္ေန၇င္
Vibration damper ( fuel pump cam shaft မွာတပ္ထါးတဲ႔) မေကါင္း၇င္
Fuel pump တခုခ ုspring က်ိဳးေန၇င္
. 
Engine knock သံထြက္ေန၇င္
Big end bearing clearance သိပ္မ်ားေန၇င္
valve springs or injection pump tappet spring ေတြက်ိဳးေန၇င္
inlet or outlet valveေတြအပြင္႔အေနအထါးနဲ႔ jam ၿဖစ္ေန၇င္
valve clearances သိပ္မ်ား၇င္
one or more cylinder ေတြ overload ၿဖစ္ေန၇င္
injection pump or valve tappet guide block ေခ်ာင္ေန၇င္
low ignition quality fuel ကုိလုံေလါက္တဲ႔ အပူမ၇ဘသုံဲး၇င္
injection timing ခ်ိန္တါမွားေန၇င္

Dark Exhaust Gases (မီးခုိးမေဲန၇င)္
* Late injection ၿဖစ္ေန၇င ္(wrongly set camshaft drive) 
* Insufficient charge of air pressure: 
- Air intake clogged. 
- Turbocharger compressor dirty. 
- Charge air cooler clogged on air side. 
- Turbocharger turbine badly fouled. 
- injection valve pressure too low ၿဖစ္ေန၇င္



- nozzleေတြ carbon deposit ကပ္ေန၇င္။needle က်ပ္ေန၇င္
- exhaust gas back pressure သိပ္ၿမင္႔ေန၇င္
-heavy oil နဲ႔ low load ေမါင္းလို႔ poor combustion ၿဖစ၇္င္

Engine Exhaust Gas Blue-whitish
Excessive lubricating oil consumption ၿဖစ္ေနတယ္။ 
Gas blow by past piston rings (blow pass ၿဖစ္ေန၇င)္ 
oil scraper rings က်ိဳးတါ (သို႔) worn cylinder liners ၿဖစ္ေန၇င္
exh& inlet valve guide / seal ေတြေခ်ာင္ေန၇င္
compression rings ကုိက္ေန၇င္
Compression rings ေတြတပ္တါမွားေန၇င.္ 
Ring scuffing ၿဖစ္ေန၇င္
Low ambient temp မွာအင္ဂ်င္ႏိုးၿပီး low load နဲ႔အၿကာၿကီးေမါင္းေန၇င္(Blue-whitish) 
exhaust boiler သုိ႔ turbocharger ကေနwater leakage ၿဖစ္၇င္(Gray-whitish). 
ဆီထဲေ၇ပါ၇င္
Charge air manifold ထဲ condensate water ေတြစုေန၇င္
Low ambient temp ေၿကာင္႔ exh gas condensation ၿဖစ၇္င္
Cyl head ေ၇ယိုေန၇င္

Unit အါးလုံး၇ဲ႔ Exhaust gas temperature ၿမင္႔ေန၇င္
Engine badly overload ၿဖစ္နိုင္တယ္။(injection pump rack positionကုိစစ္ၿကည္႔ပါ) 
Charge air temperature too high: 
Charge air cooler clogged on water side or dirty on air side. 
Water temperature to air cooler too high, water quantity နဲေနတယ္။ 
Engine room temperature ပုံမွန္မဟုတ္ဘသိဲပ္ၿမင္႔ေနတယ္
cylinder head inlet or exhaustဗါးေတြ မွာ Excessive deposits ကပ္ေန၇င္
Exhaust pipe pressure after turbine သိပ္ၿမင္႔ေန၇င္( back pressure မ်ားေန၇င္ ) 

Exhaust gas temperature of one cylinder above normal
exhaust gas thermometer မေကါင္း၇င္
fuel injector setting မွားေန၇င္
fuel pump timing ေနာက္က်ေန၇င္
cylinder head အထြက္ exhaust bellow ကုိဖမ္းတဲ႔ clamp ေခ်ာင္ေနလုိ႔ exhaust gas ယုိေနခဲ႔၇င္
Exhaust valve ေလါင္ေနခဲ႔၇င္ ( ေလါင္တဲ႔အလံုးအၿပင ္သူနဲ႔ အိပ္ေဇါလုိင္းဆက္ေနတဲ႔
အၿခားအလုံးေတြပါတတ္တတ္တယ္။ valve spindle ပူလါလုိ႔ tappet clearance နလဲါတတ္တယ္။ Compression 
pressure က်လါမယ္။ dead slow ေလါက္နဲ႔ေမါင္း၇င္ hissing sound ၿကား၇တတ္တယ္) 
Faulty injection valve: 
opening pressure much too low / sticking of nozzle needle when open / broken spring /nozzle cracked / 
Late injection/Dripping 



 Fuel supply insufficient (filter blocked). 
 Injection pump faulty, fuel rack sticking in high position. 

Exhaust gas temp ေတြတလုံးနဲ႔တလုံးသိပ္ကြါေန၇င္
Too low fuel feed pressure, too small flow through injection pumps. 
Exhaust pipe or turbine nozzle ring partly clogged. 
8- and 16-cylinder engines ေတြမွာ turbocharger နားက cylinders၂ လုံးက 120 degree Celsius 
ေလါက္ကြါတတ္တယ္။ 

Lubricating Oil Pressure Lacking Or Too Low
pressure gauge ပ်က္ေနတါ။ gauge ကုိသြါးတဲ႔ပုိက္ ပိတ္ေနတါ 
sump oil level အ၇မ္းနဲေနတါ 
Lubricating oil pressure control valve အလုပ္မလုပ္တါ။ က်ပ္ေနတါ 
lubricating oil filter Three-way cock ကိုမွားလွည္႔ထါးတါ 
lubricating oil suction pipe connection ေလဆြေဲနတါ. 
Lubricating oil ေတြ diesel oil, low viscosity ဆီေတြနဲ႔ ေ၇ာေနတါ 
Engine အထဲကLubricating oil pipes ေတြေခ်ာင္ေနတါ 
တခ်ိဳဘယ္၇ာ၇င္ေတြ ပုံမွန္ထက္က်ယ္ေနတါ 

Water In Lubricating Oil
oil cooler tube ေတြ leak ၿဖစ္ေနတါ 
cooler liner O-ring မေကါင္းတါ 
lubricating oil separatorပုံမွန္အလုပ္မလုပ္တါ 

Engine Stops
Shortage of fuel ဆီၿပတ္သြါး၇င္
Over speed trip device ကဆြဲ၇ပ၇္င္
Automatic stop device က ဆြဲ၇ပ္၇င္(lub oil low pressure shut down စသၿဖင္႔) 
governor or governor drive မေကါင္း၇င္

Does Not Stop Even Stop ဆြဲ၇ပ္လိ႔ုမွမ၇ပ၇္င္
Injection pump control rack ေတြခ်ိန္ထါးတါမွားေန( သုံညမေ၇ာက္) 
Propeller shaft က မ၇ပ္ေသးလို႔

Overspeed ၿဖစ္လုိ႔ ေအၚတိုဆြဲ၇ပ္တါေတါင္မွမ၇ပ၇္င္
injection pump control rack  ခ်ိန္ထါးတါမွားေန၇င္
(မ၇ပ္၇င္ဆီလုိင္းပိတ္။)(အင္ဂ်င္ေသး၇င္ fuel valve သြါးတဲ႔ဆီလုိင္းၿဖဳတ္) 
Turbocharger air suction ကုိ ပိတ္။ 



Interlocks  are provided  so that the  engine can  be  started or  reversed only when  certain  conditions 
have been fulfilled. 

a) Turning gear Interlock.  This device prevents the engine from being started if th e Turning gear is 
engaged.  The Turning gear is provided for turning the engine. 

b )  Running  Direction  Interlock.  This prevents the fuel  from being supplied if the running direction o f 
the engine  does  not match the  Telegraph.

c )  Starting Air Distributor in end position.  This prevents starting from taking place if the shifting o f the 
Distributor has not been  completed. 

d )  Main  Lub.  oil pressure,  Piston  cooling pressure,  Jacket water pressure,  and important parameters 
must  be  above Llie lequiied minimum. 

e )  Auxiliary Blower Interlock.  The Auxiliary Blower is provided in case o f Constant pressure 
turbocharging.  This ensures sufficient air during low speed running,  which is essential for proper 
combustion. 

f )  Air  Spring pressure  Interlock.  In  case o f the present  generation  o f engines  using  Exhaust 
valves  shut by Air  Springs, the Air  Spring pressure must always  be maintained,  else the exhaust  valve 
may not close while running 

“ Reverse  O sm osis”,  is  the  reverse o f the natural  process called  “Osmosis". 

The principal - When two solutions of different concentration are separated by a semi-permeable 
membrane, the less concentrated solution will flow towards the more concentrated solution side of the 
membrane. In a sea-water application the natural, osmosis, would be towards the saltier solution 

Electro-pneumatic valve positioner တခု nozzle , flapper တခုကိုပုံမွန္အါးၿဖင္႔ position မေၿပာင္း၇ဘူး။ဒါေပမဲ႔
လုိလုိ႔ၿဖဳတ္ေဆးၿ႔ပီး၇င္ position ၿပန္ခ်ိန၇္မယ္။အဒဲီလုိခ်ိန္၇င္ flapper ကုိ nozzle နားကပ္ထါး( 20 mA ေပးၿပီး 
)။အဒဲီအခ်ိန္မွာ ေက်ြးတဲ႔ေလနဲ႔ actuator ကုိသြါးတဲ႔ေလ pressure တူ၇မယ္။ အဲလိုတတူဲ႔ေန၇ာမွာ nozzle block 
ကုိနပ္က်ပ္လိုက္ပါ။

M.C Engine မွာ rpm ကိ ု proximity switch သံုးၿပီး Nabtesco ဘယ္လိုတြက္ယူလ၊ဲ

Turning gear အစိတ္အေ၇အတြက္နဲ႔ - ၁၁၇ ေလါက္၇ွိတယ္။ten key address = 194

၇လါတဲ႔ တြက္၇ တန္ဖိုးနဲ႔ speed order ကြါၿခားမုွကုိ ဘယ္လုိ ထ္ိန္းလဲ

The controller serves to compare the rotating speed commanded, with actual engine speed detected by 
the use of proximity switch, execute the PID calculation for the deviation to control the actuator 



connected to the fuel pump, and further to adjust the amount of fuel supplied to the engine so that the 
deviation in speed can be eliminated

.Ratio of pcomp relative to p scav – 35.2

Fuel limiter - The equipment = governor is incorporated with four types of fuel limiters for prevention of 
engine over-load and stalling. 

၁. MAX.  LIMITER  

၂.  TORQUE LIMITER  

၃.  SCAVEN. LIMITER  

၄.  MIN.  LIMITER 

Start-up 

When the start signal is entered, the F.O. rack is fixed to the start-up set point until actual engine 
rotating speed exceeds the setting rotating speed. 

Since it is not influenced by the actual rotating speed rise rate, etc., it is possible to secure  the sure and 
stabilized start-up.The set point comes in 2 levels (LOW, HIGH), each of which is selective, depending on 
ON/OFF of START DASH HIGH LEVEL signal. 

When the START DASH HIGH LEVEL signal is turned on, the scavenging pressure limiter  

is invalidated. Meanwhile, to cope with maneuvering handles without the speed boost function a starting, 
it is possible to use an engine speed signal set by the governor control unit not that supplied from the 
maneuvering handle for a specific period of time after when a starting signal is entered and the 
changeover from air-running to fuel-running is completed with the control position in position 2.  (This is 
an optional function.) 

Stopping 

The actuator is set to the fuel shut-off position. 

The operating conditions are as follows; 

1. When setting speed is less than 5rpm (changeable). 

2. When normal stop signal (STOP) is turned on. 

3. When emergency stop signal (GOVERNOR SHUT DOWN) is turned on. 



1-NORMAL mode (ပုံမွန္သုံးေနၿက mode, normal mode တခုထမဲွာ rpm control,gain low control,OSP Control ၃ 
ခုပါတယ္။) 

This is a normal control mode in which the control is executed in accordance with the  

following sub-control mode, depending on operation condition. 

a)  RPM control 

b)  GAIN-LOW control 

c)  OSP control 

Executes control so that the deviation of order speed and engine speed is within specified value all time. 

Decreases control sensitivity automatically, when the fluctuation of engine speed deviation remains within 
a specified value for preset time, to minimize F.O. rack fluctuation, and execute quantitative F.O. control. 

Prevents over-speed by automatically control increasing control sensitivity when engine speed exceeds 
preset value due to sudden load fluctuation under stormy weather. This OSP control is operated 
automatically under all modes 

7.9.2  HIGH GAIN mode(၇ာသီဥတုဆုိး၇င္သုံးတယ္) 

The actuator operating upper limit is reduced to a preset value and the control sensitivity is also 
increased. 

This mode is effective to control the fluctuation in rotation during racing. 

This mode is selected by pressing the HIGH GAIN push button on the front panel. 

7.9.3  TEST mode(အင္ဂ်င္၇ပ္မွေၿပာင္းလို႔၇တယ္။) 

It is possible to confirm the control function/performance by simulating the engine operation condition 
with the simulation setting speed. 

(MIMIC SPEED ORDER) and the simulation engine speed  (MIMIC REVOLUTION) without practically. 

This test mode is selected by setting value of parameter in the control unit. 

(The setting value of the simulation setting speed and simulation engine speed are changed by tenkey in 
the control unit.) 

Bear in mind that the operation mode is unable to be changed over to this mode unless the engine is 
stopping. 



Load depend lubrication  - When  the  engine  speed  order  value  changes  more  than  a  specified  
value  in  a  short  time,  a contact signal will be outputted to the lubricating oil controller to increase the 
amount of lubricating oil to cylinders. 

Always monitoring the variation of speed order value, the governor will close the contact signal for a 
specified time when the speed order value changes at a rate of change exceeding  a specified value 
(POSr) within a specified time (Tr). 

What is corrosion? 

 An undesired degradation of materials by reaction with surrounding media through chemical or 
electrochemical reaction.ပတ၀္န္းက်င္အေၿခအေနတခုမွာ chemical or electrochemical reaction အါးၿဖင္႔ material 
ေတြ မလိုလါးအပ္တဲ႔ degradation တိုက္စါးေလ်ာ႔ပါးမွဳ ၿဖစၿ္ခင္း 

Corrosion ကိုဘယ္လုိအမ်ိဳးအစါးခြမဲလ။ဲ ဘယ္လိုကါကြယ္ၿကလဲ။ 



Types of corrosion 

Type  Characteristic  example 
1-uniform ( or almost uniform) All areas of the metal corrode  

at the same (or similar) rate 
အကုန္ညီညီညာညာစါးသြြါးတါ 

Oxidation and tarnishing;  
active dissolution in acids;  
anodic oxidation and  
passivity; chemical and  
electrochemical polishing;  
atmospheric and immersed  
corrosion in certain cases 

2. Localised Certain areas of the metal 
surface corrode at higher  
rates than others due to  
‘heterogeneities’ (difference 
phase) in the  
metal, the environment or in  
the geometry of the  
structure as a whole. Attack  
can range from being  

Crevice(narrow opening) 
corrosion; filiform (biology 
thread) 
corrosion; deposit attack;  
bimetallic corrosion;  
intergranular(pass to another 
form) corrosion;  
weld decay 

Galvanic cell



slightly localised to pitting
3. Pitting Highly localised attack at  

specific areas resulting in  
small pits that penetrate into  
the metal and may lead to  
perforation 

Pitting of passive metals such  
as the stainless steels,  
aluminium alloys, etc., in  
the presence of specific ions,  
e.g. Cl- ions 

4. Selective dissolution (alloy 
ထကဲ most active ၿဖစ္တဲ႔ metal 
ကုိေ၇ြးစါးသြါးတါမ်ိဳး) 

One component of a alloy 
(usually the most active) is  
selectively removed from an  
alloy 

Dezincification;  
dealuminification;  
graphitisation 

5. Conjoint action of  
corrosion and a  
mechanical factor( 
erosion,cavitation တို႔လုိ 
mechanical attack 
ၿပီးေတါ႔ဆက္လါတါမ်ိဳး) 

Localise attack or fracture due 
to the synergistic action  
of a mechanical factor and  
corrosion 

Erosion - corrosion, fretting  
corrosion, impingement  
attack, cavitation damage;  
stress corrosion cracking,  
hydrogen cracking,  
corrosion fatigue 

အေပၚက ေ၀ါဟါ၇မ်ားကုိ၇ွင္းလင္းခ်က္

၁-Chemical - ဘါအေၿခအေနမွမလုိဘဲ metal ၇ယ္။ေလ၇ယ္။ေ၇၇ယ ္၃ ခုဆံုခဲ႔၇င္ corrosion ၿဖစ္တါက chemical 
corrosion ပါဘ၊ဲ၇ိုး၇ိုးသံေခ်းတက္သြါးတါ။ 

STEEL  + AIR + WATER  ->  RUST 

2Fe +O2  + 2H2O  ->Fe(OH)2 

အခ်ိဳ႔ chemical ေတြၿဖစ္တဲ႔ Fuel ထဲပါတဲ႔ sodium နဲ႔ vanadium တုိ႔အခ်ုိဳးညီေပါင္းမိလုိ႔ ၿဖစ္လါတဲ႔ EUTECTIC COMPOUND 

က HOT CORROSION ၿဖစ္ေစတယ္။ 

၂-Metal တခုထမဲွာဘ ဲatomospheric အေၿခအေနေပးခဲ႔၇င္ corrosion ၿဖစ္တါကို atmospheric corrosion 
လုိ႔ေခၚပါတယ္။electron ေတြလြတ္ထြက္ၿပီး စါးသြါးတါမ်ိဳး။porous rust လုိသံေခ်းုေအါက္က ေအါက္ဆီဂ်င္နတဲဲ႔သံသါးက 
anode, အၿပင ္ေအါက္ဆီဂ်င္ေပါတဲ႔ေန၇ာနားက cathode ၿဖစ္ၿပီး corrosion ၿဖစ္ပါတယ္။ 



၃-အမ်ိဳးမတူတဲ႔ metal ၂ ခု ၿကား corrosion ၿဖစ္တါကုိ galvanic corrosion လုိ႔ေခၚပါတယ္။ 

ပုိတယ၇္ွယ္မတူတဲ႔ METAL ၂ ခုကုိ ပင္လယ္ေ၇ထ ဲဆက္သြယ္ေပးခဲ႔၇င္ အဖုိဓါတ္ေပါက္တဲ႔ METAL (anode) ကေန 
အမဓါတ္ေပါက္တဲ႔ METAL (cathode) ဆီကို လ်ပ္စီးၿဖတ္စီးမယ္ၿဖစ္ပါတယ္။အဒဲ ီအဖုိဓါတ္ေပါက္ metal က 
အမဓါတ္ေပါက္ metal ဆီ အေ၇ာက္သြါးၿပီး အဒဲ ီcathode ေပၚသြါးစုပုံေနမွာၿဖစ္ပါတယ္။အဒဲါ CORRODE ၿဖစ္တါပါဘ၊ဲ 
၄-Acidic environment  ေၿကာင္႔ၿဖစ္လါတဲ႔ CORROSION ။PH ေပၚတည္တယ္။ Ferrous  metals ေတြက organic 
acids နဲ႔ေတါ႔သိပ္ၿပီး corrosion မၿဖစ္ၿကပါဘူး။ 

အင္ဂ်င္ေတြမွာ combustion product sulphur  က below dew point မွာLiner ေတြကို cold corrosion 
ၿဖစ္ေစပါတယ္။ 



၅-Caustic corrosion – high pressure boiler ေတြမွာဘဲၿဖစ္တတ္ပါတယ္။ ေ၇ထ ဲcaustic soda ပါ၀င္မွဳၿမင္႔ေနလုိ႔ပါ။ 

၆-Sodium chloride 4% weight ပါတဲ႔ ပင္လယ္ေ၇ထဲမွာ corrosion rate အမ်ားဆုံးတဲ႔၊ 

7-Bimetallic Corrosion 

Bimetallic corrosion ဟါ မတူတဲ႔ metal 2 မ်ိဳးတုိက၇္ိုက္ထိဆက္ထါးတါၿဖစ္ၿဖစ္။electrolyte 
တခုကုိၿကားခံၿပီးထိဆက္ေနတါဘၿဲဖစ္ၿဖစ္ ၿဖစ္နိုင္ပါတယ္။corrosion ကိုကါကြယ္ဖို႔ အဒဲ ီmetal 2 ခုကို insulated 
လုပ္လုပ္။ေဆးသုတ္တါဘလုဲပ္လုပ္။ဒါမွမဟုတ ္more noble metal ကုိ fastener 
အၿဖစ္ၿကားခံဆက္ေပး၇ပါမယ္။အဒဲီလုိbimetallic corrosion ၿဖစ္နုိင္တဲ႔ေန၇ာေတြကေတါ႔

1.  Welded  areas  as the weld  is different  from the parent material.2 .Inlets  and outlets to the tank 
and on the ship’s  side.3. Valves  as  the  are  composed  o f different  metals.4.  Aluminum 
superstructure on the steel decks, steel lifting hooks in aluminum lifeboats, aluminum portholes in the  
steel  bulkheads.5.  Bow  and  stem propeller area 

8-Stress corrosion – stress ဒါဏ္နဲ႔ corrosion 2 ခုေပါင္းတုိက္ခုိက္မွဳေၿကာင္႔ပါ။(ပထမ protective film breakdown, 
ဒတိုယ - pitting, တတိယ - stress corrosion crack ) 

9- impingement attack 



တကယ္လို႔ protective coating ေတြကြါသြါးခဲ႔၇င္ အဲဒီေန၇ာဟါ ANODE 
အၿဖစ္တိုက္စါးခ၇ံပါတယ္။အဒဲီတိုက္စါးမွုေၿကာင္႔ၿဖစ္ေပၚလါတဲ႔ အခ်ိဳင္႔ကို ၿဖတ္စီးတဲ႔ အ၇ည ္၇ဲ႔ Local turbulence effect နဲ႔
corrosion effect ေပါင္းၿပီး  impingement corrosion ကုိၿဖစ္ေစပါတယ္။အမ်ားအါးၿဖင္႔ waterline 
ေန၇ာမွာၿဖစ္တတ္တယ္လုိ႔ဆိုပါတယ္။ဒါကုိ ေလ်ာ႔ခ်ဖုိ႔ design နည္းနဲ႔ လုပ္နိုင္ပါတယ္။ 

Erosion –erosion(abrasion လို႔လဲေခၚပါတယ)္ နဲ႔ corrosion ကမတူပါဘူး။Erosion က corrosion လိ ုchemical 
နည္းနဲ႔ မဟုတ္ဘ ဲpurely mechanical နည္းနဲ႔သါတုိက္စါးပါတယ္။ဒါေပမဲ႔ erosion က protective coating 
ေတြကုိဖယ၇ွ္ားလုိက္တဲ႔အတြက္ corrosion ဆက္ၿဖစ္လါပါတယ္။ 

Under deposit corrosion 



Barrier effect ကေတါ႔ သေဘါၤမွာအသံုးမ်ားတါကေတါ႔ ေဆးသုတ္တါဘေဲပါ႔။ 

(တကယ္အၿ႔ပင္ေလါကမွာသုံးၿကတဲ႔အထမွဲာ metallic coatingလုပ္တါလပဲါပါတယ္။metal spray, electroplating, zinc 
coating, aluminium coating စတါေတြပါပါတယ္။) 

Inhibitor effect ကေတါ႔ corrosion ၿဖစ္ေစနုိင္တဲ႔ပတ္၀န္းက်င္ေတြကုိဖယ္၇ွားတါဘၿဲဖစ္ပါတယ္။ အခ်ိဳ႔ boiler water 
chemical ေတြက Promotes formation of protective magnetite ကိုၿဖစ္ေစလုိ႔ အဒဲ ီPassive oxide film က 
corrosive condensate and base metal ၿကား barrier တခုအေနနဲ႔ ၇ပ္တည္ပါတယ္။ 

magnetite layers still visible

Corrosion ကို ကါကြယ္ၿခင္း

Steel ကindustrial atmosphereမွာဓါတ္ၿပဳမုုွဳၿဖစ္ၿပီးထုတ္ေပးတဲ႔ rust
က ဆက္ၿပီး တုိက္စါးမွဳမၿဖစ္ေအါင္ကါကြယ္ေပးနုိင္တဲ႔ Protective 
barrier အေနနဲ႔ မ၇ပ္တည္နိုင္လို႔
တိုက္စါးခံ၇တါၿဖစ္ပါတယ္။Copperမွာဓါတ္ၿပဳၿပီးကပ္ေနတဲ႔ ေၿကးညိွ
green patina( bronchantite, CuSO, - 3Cu(OH))ကေတါ႔ copper 
ကို ပါတ၀္န္းက်င္ကေန လုံး၀ isolate လုပ္ၿပီးကါကြယ္ေပးလုိ႔
ဆက္ၿပီးတိုက္စါးမုွမၿဖစ္ေတါ႔ပါဘူး။ဒါေၿကာင္႔ ဘိြဳ င္လါထမဲွာ magnetite 
layer တည္ၿမနဲိုင္တဲ႔ ပတ၀္န္းက်င၇္ေအါင္ chemical 
ေတြနဲ႔ဖန္တီးယ၇ူပါတယ္။

Magnetite layer ၇ေအါင္chemical 
နဲ႔လုပ္ယ၇ူလို႔ inhibitor method 
ထပဲါပါတယ္။



အခ်ိဳ႔ chemical ေတြက Oxygen Scavenger ေတြအေနနဲ႔ ေအါက္ဆီဂ်င္ကုိဖယ္၇ွားေပးပါတယ္။ 

တခ်ိ ႔ဳ chemical ေတြက Contributes to Condensate pH Neutralization လုပ္ေပးလုိ႔
အက္စစ္တိုက္စါးမွဳကုိကါကြယ္ေပးပါတယ္။ 

္

pH scale 10-11 က pitting မၿဖစ္ေအါင္ကါကြယ္ထါးတဲ႔ Inhibitor effect ေကါင္းတဲ႔ေန၇ာပါဘ၊ဲ 

. 

Engine cooling system မွာခပ္တဲ႔ ေအါက္မွာၿပထါးတဲ႔ chemical ေတြကလဲ အင္ဂ်င္တြင္းmetal မ်က္ႏွာၿပင္ေပၚ 
ေဆးအလြါေလးၿဖစ္ေပၚေစၿပီး ကါကြယ္ေပးလုိ႔ inhibitor ထပဲါပါတယ္။ 

ဘိုြင္လါေတြ feed tank water 
temperature ၿမွင္႔တင္ၿပီး 
ေအါက္စီဂ်င္ကိုဖယ္ထုတ္ပါ 

တယ္။

Corrosive wear-This is caused by acid formation, but 
by improved design (Load controlled Cooling) 
andespecially by the introduction o f specially 
developed alkaline cylinder lubricants, wear is now 
well within acceptable limits



The  Sacrificial  Anode  System(Galvanic effect)  

What is cathodic protection. 
Cathodic protection ဆိုတါ ကါကြယ္ေပးၿခင္တဲ႔ METAL ကိ ုအီလက္ထ၇ြန္ ေတြ SUPPLY လုပ္တါပါဘဲ။ဘါလုိ႔လဆုိဲေတါ႔
အဖိုဓါတ္ေပါက္တဲ႔ METAL က METAL အမွႈန ္ေတြ အၿပင္ကိုထြက္သြါးလို႔ METAL DISSOLUTION 
ကုိကါကြယ္ဖို႔ၿဖစ္ပါတယ္။လ်ပ္စီးက အဖုိကေနအမကုိစီးေတါ႔ တကယ္လုိ႔သါ လ်ပ္စီးက အၿပင္ပင္လယ္ေ၇ကေန 
သေဘါၤကုိယ္ထည္ကိုစီးခဲ႔၇င္ METAL ေတြထြက္ခြါတါကုိတါးဆီးနုိင္မွာပါ။  
anode ကိ ုzinc, aluminium o r magnesium တို႔အဓိကပါတဲ႔ metal နဲ႔လုပ္ထါးပါတယ္။သူက သံထက္ less noval 
metal အေနနဲ႔ေနတဲ႔အတြက္ anode အေနနဲ႔ ship structure ကုိ electron flow လုပ္ၿ႔ပီး 
အကါအကြယ္ေပးပါတယ္။ဒါေပမဲ႔ large ship ေတြအတြက္ေတါ႔ သူ႔၇ဲ႔ထုတ္ေပးတဲ႔ current ကနေဲတါ႔ reduced dead 
weight ၿဖစ္လါပါတယ္။ၿ႔ပီးေတါ႔ ၿကီးမါးတဲ႔ area အတြက္သိပ္ effective မၿဖစ္လွေတါ႔ impressed current system 
သံုး၇ပါတယ္။ 

Impressed current cathode protection systems  
(lead or platinised titanium) ၿဖစ္တဲ႔ အနဲွတ္ကို သေဘါၤကုိယ္ထည္ below the waterline မွာတပ္ထါးၿပီး 
ေအၚတုိမစ္တစ္ ထ္ိန္းေနတဲ႔  control equipment ကေနသတ္မွတ္ဗုိ႔၇ွိဒီစီ  လ်ပ္စီးေက်ြးပါတယ္။ 
လိုအပ္တဲ႔ လ်ပ္စီးပမါဏက သေဘါၤကုိယ္ထည္ေဆးအေနအထါး။ပင္လယ္ေ၇အပူခ်ိန္။သေဘါၤ
speed။စတါေတြေပၚတည္ပါတယ္ 

အခ်ိဳ႔ကါးေ၇တိုင္ကီေတြ။သေဘၤါအင္ဂ်င၇္ဲ႔ cooling water system ေတြမွာ ခပ္တဲ႔ေဆးေတြကလဲ
corrosion inhibitors ေတြပါဘ။ဲ 

Corrosion Metal / Environment Reactions Edited by L.L. Shreir, PhD, CChem, FRIC, FIM, 
FICorrT, FIMF, OBE , R.A. Jarman, MSc, PhD, CEng, MIEE, FIW G.T. Burstein, MSc, PhD, 



 Blowdown = set pressure – reseating pressure 

Safety valve and safety relief valve

Europe မွာ safety valve ေခၚေပမဲ႔ USA မွာ Safety relief valve ေခၚပါတယ္။ ေနာက္ၿပီး USA Safety relief valve 
ေခၚတဲ႔ safety valve က Europe အလိုအ၇ full lift type safety valve ၿဖစ္ေနပါတယ္။ 

USA ASME / ANSI PTC25.3 standards အ၇ဆိ၇ုင္

Relief valve - A pressure relief device actuated by inlet static pressure having a gradual lift generally 
proportional to the increase in pressure over opening pressure. 

Safety relief valve - A pressure relief valve characterised by rapid opening or pop action, or by opening in 
proportion to the increase in pressure over the opening pressure, depending on the application, and 
which may be used either for liquid or compressible fluid. 

 The European standards (BS 6759 and DIN 3320) အ၇ဆုိ၇င္

Safety valve - A valve which automatically, without the assistance of any energy other than that of the 

fluid concerned, discharges a certified amount of the fluid so as to prevent a predetermined safe pressure 

being exceeded, and which is designed to re-close and prevent the further flow of fluid after normal 

pressure conditions of service have been restored.  

Full lift type safety valve ဆုိ၇င္ေတါ႔ set pressure တင္မကဘ ဲblowdown ကုိပါခ်ိန္၇မွာၿဖစ္ပါတယ္။ 

Set pressure ကေတါ႔ ေအါက္ကလိ၇ိုဳး၇ိုးဘခဲ်ိန္ပါတယ္။ 

Intended State of Operation Adjusting Method 

To raise the set pressure 
Turn the adjusting screw clockwise (When viewed 
from above) and tighten it up. 

To lower the set pressure Turn the adjusting screw counterclockwise to
loosen it. 



4.4 Adjustment of Blow Down 
(1) Adjustment by upper ring 

ၿပီးေတါ႔ full lift safety valve ေတြကုိ shop မွာခ်ိန္ေပးလုိက္ေပမဲ႔ closing pressure က piping ေတြ၇ဲ႔ capacity & 
resistance ေပၚတည္ေနလုိ႔ ဘိြဳ င္လါမွာတပ္ၿပီး၇င ္ထပ္ခ်ိန၇္မွာပါဘ။ဲ 

အေပၚမွာေၿပာသလုိ      upper adjusting ring က closing pressureကုိ ခ်ိန္ဘုိ႔ ၿဖစ္ပါတယ္။ ခ်ိန္မယ္ဆုိ ပထမ lock 
bolt ကုိ ၿဖဳတ္။ အဲဒီအေပါက္ထကဲေန ေပးထါးတဲ႔ adjusting rod ထည္႔ၿပီး အထဲက teeth ကုိ လွည္႔ၿပီး upper ring ကုိ 
အတင္အခ်လုပ္ပါတယ္။ blowdown ကုိေလ်ာ႔ခ်င္၇င္( ေစါေစါပတိ္ေစခ်င္၇င္) upper ring ကုိအေပၚတင္ၿပီး 
ေနာက္က်ပိတ္ေစခ်င္၇င္ (blowdown  မ်ားေစခ်င၇္င္)upper ring ကုိေအါက္ခ်ပါ။ 

To adjust reseating pressure 

Intended state of operation Method of adjustment 

To raise the closing pressure

Peeping through the screw hole, rotate the upper ring 
with the adjust. Rod to the right by 0.5 turn to move it 
upward. Or throttle the opening area of the back 
pressure adjust needle. 

To lower the closing pressure 

Peeping through the screw hole. rotate the upper ring 
with the adjust. Rod to the left by 0.5 turn to move it 
down. Or enlarge the opening area of the back 
pressure adjust needle. 

The main adjusting device used for 
adjustment of the closing pressure is the 
upper ring provided at the bottom part of the 
guide. This upper ring imparts(communicate ) 
a lifting force to disc after the disc has been 
popped up. To make the adjustment. first 
remove the lock bolt provided at the side 
wall of the valve body, through this screw 
hole, insert the adjusting rod as shown in 
Fig.5 and or rod like a screw-driver and turn 
the teeth provided along the external 
circumference of the upper ring by using it. 
where upon the upper ring will be moved 
vertically



 Blowdown = set pressure – reseating pressure 

 Simmer pressure = start to leak pressure 

အေပၚမွာၿပသလိ ုsimmer သိပ္မ်ားေန၇င္( pop လုပ္တါၿကာေန၇င)္  - lower ring ကုိ 
အေပၚၿမွင္႔ေပး၇ပါမယ္။blowdown မ်ားလါပါလိမ္႔မယ္။ 

When the lower blowdown ring is adjusted to its top position- valve will pop rapidly, minimising the 
overpressure value but correspondingly requiring a greater blowdown before the valve re-seats. 

Adjust the simmer 







အခ်ိဳ႔ဘိြဳ င္လါေတြမွာ closing pressure ( reseating pressure ) ကိုလြယ္လြယ္ကူကူခ်ိန္ဖုိ႔ adjusting needle 
ဆိုတါပါတတ္ပါတယ္။ အဒဲ ီneedle နဲ႔ disc back side က back pressureကိ ုကစါးၿပီး closing pressure 
ကိုခ်ိန္ပါတယ္။adjusting needle ကု္ိပိတ္ေပး၇င ္closing pressure ၿမင္႔လါပါလိမ္႔မယ္။ 





Air circuit breaker အေၿကာင္း  

Over current Relay Trip Test (OCR Test)  

2-1 Current Transformer Secondary Equivalent Method  

A small test current equivalent to the secondary current of the current transformer (CT) is applied to the 
OCR test terminals (see Fig. 1) to check the over current tripping characteristics. 

ACB OCR Test terminal ကုိ ၅၀ mA ၇ွိ current ေပးၿပီး test လုပ္တယ္။ UVT ကုိလဲ လုိအပ္တဲ႔ Rated voltage 
ေပးထါး၇မယ္။ 



1) Open the disconnecting switch (this is not necessary when the generator and load are not adversely 
affected by OCR tests).  

2) When the ACB under test is fitted with a UVT, supply the rated voltage to the UVT. 

Test current ဘယ္ေလါက္ဆုိတါတြက္နည္း - rated current of the ACB under test =231 A (rated generator 
current) ၿဖစ္ခဲ႔၇င္  LTD current setting is 1.15 times ၿဖစ္လို႔ အေပၚက  Table 3 အတိုင္းဆိ၇ုင္ CT ratio of 
250/0.05 ၿဖစ္၇ပါမယ္။ 

The time-delay is 20 seconds at 120% of 1.15  times 231 A ၿဖစ္လုိ႔  CT secondary equivalent test  current 
corresponding to this overcurrent value ကေတါ႔

Test Current = 231 x 0.05/250 x 1.15 x 1.2 = 0.0638 A နဲ႔စမ္း၇မွာၿဖစ္ပါတယ္။ 



၃) OCR test  terminals kB နဲ႔ B' ၿကား နဂိုက short လုပ္ထါးပါတယ။္ အဲဒ ီshort wire ကုိၿဖဳတ္ၿပီး  test current ကုိ 
Terminal B’ နဲ႔ L ကုိေက်ြး၇ပါမယ္။မေက်ြးခင္ ACB ကုိ CLOSE လုပ္ပါ။(UVT ကုိ ပါ၀ါမေက်ြး၇င္ Manual lever နဲ႔ close 
လုပ္လဲ close မၿဖစ္ပါဘူး။) ၿပီး၇င ္test current 0.0638 A ကိုေက်ြးၿပိး ACB tripping time ကိ ုမွတ္ပါ။ LTD ဆုိ၇င ္20 
+/- 3 Sec ၿဖစ္၇ပါမယ္။ မွတ္ထါး၇မွာက ACB Trip ၿဖစ္ၿဖစ္ခ်င္း test current ကုိ turn off လုပ္ပါ။ ၿပီးတါနဲ႔ KB & B’ ကုိ 
SHORT WIRE ၿပန္ဆက္ပါ။ The STD and instantaneous tripping characteristics can be similarly tested. 

ACB တလံုးကိုဘါေတြစစ္မလဲ

MAIN CONTACT ASSEMBLY ကိုစစ္ၿခင္း 

ACB Contact tips ေတြကုိ စစ္ေဆးတဲ႔အခါ oxidation & sulfuration ေၿကာင္႔မေဲန၇င ္မစိုး၇ိမ္ပါနဲ႔။contact close 
ၿဖစ္ခ်ိန္မွာသူဟါသ ူေပ်ာက္သါြးလိမ္႔မယ္။ဖုန္မုွန္႔။ဆီ တါေတြဆုိ၇င္ သုတ္ပစ္ပါ။ contact surface ၿကမ္းေန၇င္
ေကၚပတ္အနုေလးနဲ႔ေခ်ာပါ။ original thickness ထက္ 1/3 less ၿဖစ္ခဲ႔၇င္ moving & stationary contact ၂ 
ဖက္လုံးကုိအသစ္လပဲါ။ stationary contact mounting screw ေတြၿပန္က်ပ္ပါ။ 

UVT ကုိစစ္ၿခင္း 

UVT ကုိလိုအပ္တဲ႔ voltage ေပးၿပီး Handle နဲ႔ operate လုပ္ၿပီး close လုပ္ၿကည္႔ပါ။ ၿပီး၇င ္trip လုပ္ၿကည္႔ပါ။ 

UVT Coil ကုိ coil resistance တုိင္းၿကည္႔ပါ။ ပံုမွန္အါးၿဖင္႔ 590 +/- 59 ohms ၇ိွတတ္တယ္။အဲဒါထက္နေဲန၇င္
ဒါမွမဟုတ္ no continuity ဆုိ၇င္အသစ္လပဲါ။ terminal screw ေတြတုိက္ပါ။ 

TMC ( motor operator ) ကိုစစ္ၿခင္း 



TMC ကုိ Control power ေပးၿပီး ACB ကိ ုOperate လုပ္ၿကည္႔ပါ။ TMC mounting screw ေတြစစ္ပါ။တိုက္ပါ။ 
စပ၇င္ကိုစစ္ပါ။ sliding surface ကုိ approve grease ပါးပါးသုတ္ပါ။ 

Arc chutes 

 arc chute ဟါ  ACB အကပ္အခြြါမွာၿဖစ္တဲ႔ arc ကိ ုExtingush လုပ္ၿပီး  high level of energy ကုိ absorb လုပ္ပါတယ္။ 
ARC CHUTE မေကါင္း၇င္ ACB ပ်က္မွာပါ။ ARC CHUTE မေဲန၇င္မစုိး၇ိမ္ပါနဲ႔။အေ၇းၿကီးတါက မပ်က္စီးဘုိ႔၇ယ္။ filter 
ေတြမပိတ္ဘို႔၇ယ္။ဖုန္ေတြကုိ ေတါ႔ vacuum cleaner နဲ႔စုတ္ထုတ္ပါ။ 









ACB Close လုပ္လို႔မ၇၇င္ - reset လုပ္လို႔မ၇တါ။ trip ၀င္ေနတါ။ ON position မွာမထိ္န္းထါးနုိင္တါ။ 

 trip mechanism latch ကိုစစ္ပါ။ UVT Voltage ေပ်ာက္ေနတါ။ UVT coil open or short ၿဖစ္ေနတါ။ UVT Controller 
မေကါင္းတါ။ စတါေတြဆိ၇ုင္ေတါ႔ UVT (OR) UVT Controller ကုိလဲပါ။Motor operator , TMC 
မေကါင္းတါဆိုအသစ္လပဲါ။ 

Trip မၿဖစ၇္င ္- over current trip device မေကါင္းတါ။ ဒါမွမဟုတ္ CT secondary coil open 
ၿဖစ္ေနတါစတါေတြၿဖစ္တတ္ပါတယ္။ဒါမွမဟုတ္၇င္ UVT က Trip force အလုံအေလါက္မထုတ္ေပးနိုင္တါ။ ဒါမွမဟုတ္ 
UVT မွာ Residual magnetism က်န္ေနတါ။ ဒါမွမဟုတ္ SHT coil သုံးခဲ႔၇င္ SHT coil open ၿဖစ္ေနတါ ။ ဒါမွမဟုတ္ 
SHT control switch မေကါင္းတါစတါေတြၿဖစ္တတ္ပါတယ္။ 

အခ်ိဳ႔ generator ေတြမွာ stator winding ေတြကုိတုိင္းေပးတါပါပါတယ္။ ဒါအၿပင္ generator protection အတြက ္CT & 
VT ေတြကေန Current & voltage ကုိ sense လုပ္ေနပါတယ္။  



OCRT -  Over  Current  Inverse  Time  relay function  ဆိုတါက Over current ပမါဏမ်ားေလ 
ၿမန္ၿမန္ၿဖုတ္ခ်ေလဆုိတဲ႔ သေဘါတ၇ားကုိ အေၿခခံတည္ေဆါက္ထါးတါၿဖစ္ပါတယ္။ 

  NPS -  Negative  Phase Sequence  relay  က  stator  currents ၇ဲ႔  amount  of  unbalance  
ကိုတုိင္းတါၿဖစ္ပါတယ္။ နနဲေဲလါက ္NPS တန္ဘုိးဟါ မီးစက္၇ဲ႔ Stator & rotor temp ကုိ အမ်ားၿကီးတက္ေစလုိ႔  NPS 
current  setting ကုိ   0.2 x rated generator current ေလါက္ထါးတတ္ပါတယ္။ 

DIFF - each  end of  a  stator  phase winding မွာ၇ိ ွcurrent ေတြ၇ဲ႔ differential ကုိတိုင္းတါၿဖစ္ပါတယ္။ အဒီဲ
current ေတြကြါၿခားခ်က္က stator winding internal fault ( short circuit coil turn or earth fault ) ကုိၿပပါတယ္။ 
0.1 x rated generator current ေလါက္ထါးတတ္ပါတယ္။ 

OV/UV - Under  Voltage  and  Over  Voltage  functions ေတြကုိ Sense လုပ္တဲ႔  relays ေတြ၇ဲ႔ Setting 
ေတြက0.8 x rated voltage (UVT) and 1.2  x rated voltage(OV) ေလါက၇္ိွတတ္ပါတယ္။ time delay = 2 Sec 
ေလါက၇ွိ္တတ္ပါတယ္။ 

UF/OF- Under  and  Over  Frequency settings ေတြက ၆၀ Hz အတြက္ဆုိ   58  Hz  and  62  Hz  
ေလါက္ထါးတတ္ပါတယ္။ 

RP - parallel ေမါင္းဘုိ႔လုပ္ထါးတဲ႔ Generators  ေတြမွာ reverse power protection ပါ၇ပါမယ္။ 

၅-၁၅% နဲ႔ ၀.၅ - ၃ sec ခ်ိန္တတ္ပါတယ္။ 





1-cpp system တခုမွာ clutch ကပ္ၿပီးမွ pitch control ကုိ hydraulic oil ေ၇ာက္ေအါင္ဘယ္လုိစီမံထါးလ။ဲ 

၂-ပုံမွန ္normal current - In =1000 Amp ေလါက္၇ိွ ACB တလံုး၇ဲ႔ specification မွာ Short time withstand (Icw 
75kA 1s) ဆုိၿပီးပါတယ္။ အဒဲါဘါကုိေၿပာတါလ ဲ

3-အၿပင္ spare room ထကဲ ACB အသစ္တလုံးကုိ MANUAL HANDLE နဲ႔ CHARGE လုပ္ၿပီး CLOSE လုပ္ၿကည္႔၇င္ ACB 
CLOSE ၿဖစ္ပါမလါး။ဘါလုိ႔လ။ဲ 

၄-corrosion မၿဖစ္ေအါင္ ကါကြယ္တဲ႔နည္း ဘယ္နွစ္ခု၇ွိလ။ဲ ဘါေတြလ။ဲ  

၅-အၿပင္ သဘါ၀ atmosphere မွာ သံက ေၿကးထက္ပိုၿပီး ဘါလုိ႔ corrosion ဒါဏ္ေၿကာင္႔ ပ်က္စီးတိုက္စါးလြယ္၇တါလ။ဲ 

၆-ဘြိဳင္လါ မွာခပ္တဲ႔ chemical ေတြမွာ Magnetite , Good metal passivation ဆုိၿပီး 
ညြန္းတတ္တယ္။အဒဲါဘါကုိေၿပာတါလဲ။ 

7-ACB တလုံး draw out မလုပ္ခင္ဘါအ၇င္လုပ္၇မလဲ။ 

၈-reverse power trip မွာဘါလုိ႔ time delay ထါးတါလ။ဲ 

၉-bus tie breaker မွာ UVT ပါလါး။ဘါလုိ႔လဲ 

၁၀-သံသါးေတြသံဂ်ီးတက၇္င္ ေဆးမ၇ွိလို႔ ေဆးမသုတ္နုိင္ေသးခင္ သံေခ်းခြါတါမွန္တဲ႔လုပ္၇ပ္လါး။ 

11-MC engine cylinder head မွာ အ၇င ္တုံးက relief valve တပ္ထါးၿပီး (အခုေတါ႔ indicator cock 
နားလါတပ္ထါးတယ္) opening pressure = Pmax + 40% ေလါက္ခ်ိန္ခုိင္းထါးတယ္။တကယ္ အင္ဂ်င္ထ ဲအေဲလါက္
pressure ၿမင္႔တက္ခဲ႔၇င ္အဒဲ ီvalve ေသးေသးေလးက လုံလုံေလါက္္ေလါက္ relief လုပ္နုိင္ပါမလါး။မလုပ္နိုင္၇င္
တၿခားနည္းနဲ႔ relief လုပ္နိုင္ေအါင္လုပ္ထါးလါး။ဒါဆုိအဲဒီနည္းက ဘါလ၊ဲ 

၁၂-MC Engine နိဳးတုံး အဲဒ ီrelief valve ပြင္႔ေလါက္ေအါင္  မလုိလါးအပ္တဲ႔ fault pressure မၿဖစ္ေအါင္
ဘယ္လိုကါကြယ္ထါးလဲ 

၁၃-wartsila sulzer engine ေတြက super slow speed ေမါင္း၇င္ဘါမွလုပ္စ၇ာမလုိေပမဲ႔ MC Engine ေတြက slide 
fuel valve ေၿပာင္းတပ္ခုိင္းတယ္။ အဒဲီလုိ slide valve ေၿပာင္းတပ္စ၇ာမလိုဘ ဲအနိမ္႔ဆုံးေမါင္းနိုင္တဲ႔ load 
ကဘယ္ေလါက္လဲ 

၁၄- safety relief valve full lift type ေတြမွာ simmer ကိုေလ်ာ႔ခ်င္၇င္ဘါကိုခ်ိန၇္မလဲ။ 

၁၅-ေနာက္ပုိင္း turbocharger ေတြမွာစီမံထါးတဲ႔  integrated burst protection arrangement    ဆိုတါဘါလ ဲ

၁၆-အခ်ိဳ turbocharger ေတြမွာ turbine side မွာ turbine outlet diffuser ပါတယ္။အဒဲါဘါအတြက္တပ္ထါးတါလ၊ဲ 

၁၇- turbocharger internal bearing type ေတြမွာ  rotor shaft diameter ကုိ ဘါလုိ႔၇နုိင္သေလါက ္ေသးထါးတါလဲ 

၁၈-mc engine 5 cylinder 5S60MC နဲ႔  6 cylinder ပါတဲ႔ 6S60MC အင္ဂ်င ္exhaust valve hydraulic actuating 
gear hydraulic cylinder တည္ေဆါက္ပုံဘါကြါလ။ဲ ဘါလုိ႔လဲ 



၁၉- OROS Piston , large bore MC engine ေတြ၇ဲ႔ exhaust valve hydraulic actuating gear မွာ ဘါလို႔ safety 
valve တပ္ထါးသလဲ။ 

20-soot blow steam line က 7K100A VALVE တလံုးမေကါင္းလို႔လဲခ်ငတ္ယ္။ store ခန္းထမွဲာ CAST IRON VALVE  
၇ယ္။ CAST STEEL နဲ႔လုပ္ထါးတဲ႔ VALVE ၇ယ္ ၂ မ်ိဳး၇ွိ တယ္။ဘယ္ဟါကုိသုံးမလ။ဲဘါလုိ႔လဲ။ 

21- electro pneumatic valve positioner တခ ုnozzle block ၿဖတဲ္ၿပိးၿပန္တပ၇္င္ဘယ္လိ ုsetting ၿပန္ခ်ိန္မလ။ဲ 

Electro-pneumatic valve positioner တခု nozzle , flapper တခုကိုပုံမွန္အါးၿဖင္႔ position မေၿပာင္း၇ဘူး။ဒါေပမဲ႔
လုိလုိ႔ၿဖဳတ္ေဆးၿ႔ပီး၇င္ position ၿပန္ခ်ိန၇္မယ္။အဒဲီလုိခ်ိန္၇င္ flapper ကုိ nozzle နားကပ္ထါး( 20 mA ေပးၿပီး 
)။အဒဲီအခ်ိန္မွာ ေက်ြးတဲ႔ေလနဲ႔ actuator ကုိသြါးတဲ႔ေလ pressure တူ၇မယ္။ အဲလိတုူတဲ႔ေန၇ာမွာ nozzle block 
ကုိနပ္က်ပ္လိုက္ပါ။

၂၂-M.C Engine မွာ rpm ကို  proximity switch သုံးၿပီး Nabtesco ဘယ္လိုတြက္ယူလ၊ဲ

Turning gear အစိတ္အေ၇အတြက္နဲ႔ - ၁၁၇ ေလါက္၇ွိတယ္။ten key address = 194

၂၃-၇လါတဲ႔ တြက၇္ တန္ဖုိးနဲ႔ speed order ကြါၿခားမုွကုိ ဘယ္လုိ ထ္ိန္းလဲ

The controller serves to compare the rotating speed commanded, with actual engine speed detected by 
the use of proximity switch, execute the PID calculation for the deviation to control the actuator 
connected to the fuel pump, and further to adjust the amount of fuel supplied to the engine so that the 
deviation in speed can be eliminated

.Ratio of pcomp relative to p scav – 35.2

၂၄-Fuel limiter - The equipment = governor is incorporated with four types of fuel limiters for prevention 
of engine over-load and stalling. Nabtesco မွာ ၄ မ်ိဳးပါတယ္တဲ႔။ အဲဒါဘါေတြလ၊ဲ 

၁. MAX.  LIMITER  

၂.  TORQUE LIMITER  

၃.  SCAVEN. LIMITER  

၄.  MIN.  LIMITER 

25-အ၇င ္MC Engine ေတြတုံးက pilot air manual valve ကေန distributor ကုိသြါးတဲ႔ ေလလုိင္းၿကားမွာ valve 26 
မ၇ွိလို႔ distributor ထကဲ reversing disc & distributor disc 2 ခု seize ၿဖစ္ၿပီး အင္ဂ်င္နုိးမ၇တဲ႔  ၿ႔ပသနာ 
ၿဖစ္ေလ႔၇ိွတယ္။အဒဲါဘါလုိ႔ ၿဖစ္တါလ။ဲ အဲဒ ီvalve 26 မေကါင္းလုိ႔ အသစ္လစဲ၇ာမ၇ိ၇ွင္ ၿဖဳတ္ထုတ္ၿပီး cock တခုနဲ႔
အစါးထိုးလိုက္၇င္ဘါၿဖစ္နိုင္လ။ဲ 

Mc engine starting air line က valve 26 ပ်က္သြါးတယ္။ spare မ၇ွိလို႔ ၇ုိး၇ိုး 30 bar ခံနိုင္တဲ႔ cock တခုထည္႔၇င္
၇မလါး။၇တယ္ဆုိ အဒဲ ီဗါး၂၆ က ဘါအတြက္ထည္႔ထါးတါလ ဲ



26-MC Engine မွာ main engine aux blower 2 လုံး၇ိွတဲ႔အထကဲ တလုံးပ်က္သြါး၇င္ က်န္တလုံးထနဲဲ႔ manoeuvring 
လုပ္လို႔၇လါး။turbocharger compressor အထြက္ေလက air cooler,water mist catcher  ကုိၿဖတ္ၿပီး receiver 
ကုိေ၇ာက္တယ္။aux blower အထြက္ကေကါ air cooler / water mist catcher ကုိၿဖတ္ၿပီး receiver ကုိေ၇ာက္တါလါး။ 
aux blower inlet ေလက ဘယ္ကလါတါလဲ။ 

27- slide fuel valve ေၿပာင္းတပ္တါနဲ႔ ဘါလို႔ low load ေမါင္းလို႔၇တါလ။ဲ 

ME/ME-C engines are equipped with slide fuel valves as standard. The injection pressure is independent 
of the engine load and creates an optimised injection on all load levels and, accordingly, makes 
cylindercut out less relevant for securing stable running conditions at very low loads.  

28-MC Engine ေတြ၇ဲ႔ NOx emission က low load မွာပုိမ်ားလါး။ high load မွာပိမု်ားလါး။ 

29-MC engine ေတြ exhaust valve spindle ကုိေပးတဲ႔ sealing system ဘယ္ႏွစ္မ်ိဳး၇ွိလ။ဲ ဘါေတြလဲ၊ 

၃၀-MC engine ေတြ air starting valve leak ၿဖစ္၇င္ main air starting line ထဲ hot leak gas 
ေတြမ၀င္ေအါင္ဘယ္လိုလုပ္ထါးလ။ဲ 

31-PLC နဲ႔ပတ္သက္လုိ႔ Set & Reset FLIP FLOP ဆုိတါဘါလ၊ဲ ဘယ္ FUNCTION မွာအမ်ားဆုံးသုံးတတ္လ။ဲ 

ခလုပ္ဖိၿပီးခဏေနမ ွ(preset time ေ၇ာက္မွ) on တါ on delay,အဒဲီလုိဘဲခဏေနမွ OFF ၇င္ OFF DELAY 

၃၃-RETENTIVE ON DELAY ဆုိတါဘါလ။ဲ(RETENTIVE = ABLE TO RETAIN) 

On delay timer  က accumulate time က preset time နဲ႔မတူေသးလဲ power off လုိက္၇င္ accumulate time ကို
သံုညလုပ္လိုက္တယ္။ retentive on delay timer က power off လ ဲaccumulate time ကိ ုသုံညမလုပ္ဘေဲ၇ာက္တဲ႔
ေန၇ာမွာထိန္းထါးတယ္

34- 3 term controller နဲ႔ 3 element controller ဘါကြါလ၊ဲ  

၃၅- exhaust valve spring air pressure (၄.၅ bar) ေလါက္မွာ slow down ၿဖစ္တယ္။ ဘါလုိ႔ slow down function 
ထည္႔ထါးတါလ။ဲအဒဲ ီpressure မွာ slow down မၿဖစ္၇င္ဘါၿဖစ္နိင္လ။ဲ 

36-PLC ေတြမွာသံုးတဲ႔ XIC ( examine if close ) နဲ႔ လ်ပ္စစ္ပတ္လမ္္းေတြမွာသံုးတဲ႔ NC (normally close)နဲ႔တူလါး။ 
အဒဲီလုိဘဲ XIO (examine if open ) နဲ႔ NO(Normally open)နဲ႔တူလါး။ 

37-Inductive proximity sensor နဲ႔  Capacitive proximity sensor ဘါကြါလ။ဲ ဘယ္ဟါက Metal ေတြကိုပ္ို
အါးေကါင္းေကါင္း detect လုပ္နိုင္သလဲ။ဘယ္ဟါက non metallic object ကုိ detect လုပ္နိုင္လ ဲ

38-4-20 mA input signal  နဲ႔ေမါင္းေနတဲ႔ PID System တခုမွာ 0 mA input signal ၀င္ လါ၇င ္PID System 
ကဘယ္လုိတုန္႔ၿပန္မယ္ထင္လ၊ဲ 

39-4-20 mA ကိ ု0-10 V ထက္ပိုအသုံးမ်ားၿကတယ္။အဒဲါဘါေၿကာင္႔လ.ဲ 

၄၀-pulse width modulation(PWM) ကုိေနာက္တမ်ိဳးဘယ္လုိေခၚၿကလ။ဲtime proportioning control 



41- 500 watt ၇ွိ heater coil တခုထဲကိုသုံးၿပီး temp ၿမင္႔ေစခ်င္၇င္ ၿကာၿကာဖြင္႔။နိမ္႔ေစခ်င္၇င္ ခဏေလးဖြင္႔ နဲ႔
အပူခ်ိန္ထိန္းတါကုိ ဘယ္လုိ CONTROL မ်ိဳးလုိေခၚနုိင္လ။ဲ 

၄၂- hydraulic MOTOR  တခုသုံးၿပီး ၀န္တခုကိ ုမတဲ႔ (  သေဘၤါ ေက်ာက္မတဲ႔ WINDLASS တခုလုိ ) hydraulic 
system တခုမွာ - ေက်ာက(္မ)ေနတုံး ေမါင္းတဲ႔ HANDLE ၇ပ္တဲ႔ အေနအထါးမွာ ေက်ာက္ၿပန္ေလ်ာ႔မက်သြါးေအါင္
ဘယ္လုိ စီမံထါးလ၊ဲ ANCHOR က ေ၇ထကဲေန ေလထဲေ၇ာက္လါခ်ိန္မွာ hydraulic motor ေပၚသက္ေ၇ာက္တဲ႔ ၀န္က 
ေၿပာင္းသြါးတယ္။အဒဲီအခ်ိန္မွာ ေလ်ာမက်သြါးဘ ဲေၿပာင္းတဲ႔၀န္အတုိင္းလုိက္ဆြဲ(မ) နိုင္ေအါင္ဘယ္လုိစီမံထါးလဲ။ 

However, the ME/ME-C engine also offersopportunities for implementing other operating modes than the 
economy mode described briefly above. The most common alternative operating mode installed on the 
ME/ME-C engines is the so-called emission mode, where the NOBxBemission cycle value is lowered by 
10% to 25% by special adjustment of engineparameters mainly in the high load area (75% and 100%) 

The SFOC gain in the low and part-load area will be 1-2 g/kWh compared to the obtainable reference 
economy mode, and the SFOC increase in the high and full-load area will also be 1-2 g/kWh when 
compared to the obtainable reference economy mode. The engine will, however, be able to operate in 
the reference economy mode by pushing a button on the ME engine control panel. 

TBO ဆုိတဲ႔ Time between overhaul ကိ ုMAN B&W ဆြဲဆန္႔ဖုိ႔ၿကုိးစါးတါ အခုဆုိ S90MC-C/ME-C အင္ဂ်င္ေတြမွာ ၃၂ 
၀၀၀ R.H( ၅ ႏွစ)္အထ၇ိလါၿပီလုိ႔ဆုိပါတယ္။ 

ဒါလုိ၇တါကလဲ သူ႔၇ဲ႔ ေကါင္းမြန္လွတဲ႔ DESIGN အသစ္ေတြေၿကာင္႔ၿဖစ္ပါတယ္။အၿမဲသုေတသနလုပ္ၿပီး DESIGN ကုိ 
ၿမွင္႔တင္ေနလို႔ပါ။ ဒ ီစံ DESIGN လို႔ေၿပာ၇မွာေတြကေတါ႔

- OROS combustion chamber with high topland piston 

- Cylinder liner with optimised liner wall temperature 

- Alu-coated piston rings, Controlled Pressure Relieve (CPR) top ring 

- Alpha Lubricator in ACC mode(0.19 g/bhphXS%) 

- Exhaust valve: Nimonic spindles and W-seat bottom piece 

- Slide fuel valves



ေတြပၿဲဖစ္ပါတယ္။ 

Exhaust valve: Nimonic spindles and W-seat bottom piece



The exhaust valves is used for ၁- expelling the burnt gases from the engine cylinder. ၂-seal gases on 
compression and combustion periods-ေနာက္ၿပီး သူဟါ combustion chamber ၇ဲ႔ component တခုၿဖစ္ပါတယ္။ 
သူ႔၇ဲ႔ အဖြင္႔အပတိ ္ အခ်ိန္ကုိ သင္႔ေတၚတဲ႔ turbocharging စံနစ္တခုသံုးၿပီးေၿပာင္းေပးၿခင္းၿဖင္႔ အင္ဂ်င္၇ဲ႔ compression 
pressure ကိုၿမွင္႔တင္ၿခင္း။ combustion က၇လါတဲ႔ စြမ္းအင္ေတြကုိ ပုိအသုံးခ်ႏိ္ုင္ၿခင္း(ဥပမါ - T/C constant pressure 
system မွာ exhaust valve ဖြင္႔ခ်ိန္ကိ ုေနာကဆ္ုတ္နီုင္လို႔) တုိ႔ကို လုပ္ႏုိင္ပါတယ္။ 

MC အင္ဂ်င္ဆလင္ဒါအလုံးတိုင္း၇ဲ႔ cylinder cover ေတြ central bore မွာExhaust valve ေတြတပ္ထါးပါတယ္။ 
exhaust valve housing ကုိ hydraulic nut 4 လုံးနဲ႔ တုိက္ၿပီး gas tight ၿဖစ္ေအါင္လုပ္ထါးပါတယ္။ 

Valve housing ၇ဲ႔ exchangeable bottom piece ဟါ valve spindle ထိုင္ဖုိ႔ hardened လုပ္ထါးတဲ႔ conical seat 
ပါပါတယ္။အဒဲ ီvalve spindle အတြက္ spindle guide က လလုိဲ႔ ၿဖဳတ္ တပ္ လို႔ ၇ ပါတယ္။ အေအးေပးတဲ႔ ေ၇က valve 
housing ေအါက္ၿခမ္းက၀င္ၿပီး အေပၚကထြက္ကါ cylinder cover ၇ဲ႔ cooling water outlet pipe နဲ႔
ေပါင္းသြါးပါတယ္။အဒဲီေန၇ာ cooling water flow ကိ ု control လုပ္ဖို႔ orifice plate ကုိ ထည္႔ထါးပါတယ္။ valve 
housing မွာ cooling space ကိုသန္႔၇ွင္းေ၇းလုပ္ဖုိ႔ စစ္ေဆး၇င္ဖြင္႔ၿကည္႔ဖို႔ cover တခုပါပါတယ္။

Valve spindle က Nimonic type ၿဖစ္ၿပီး bottom piece က hardened heat resistant steel ၿဖစ္ပါတယ္။

Exhaust valve air cylinder အတြက္ sealing လုပ္ထါးတဲ႔ေန၇ာကုိၿဖတ္သန္းေန၇တဲ႔ Valve spindle ၇ဲ႔ stem ေန၇ာမွာ
(wear resistance mixture of metal carbide and super alloy) ကုိ HVOF Process နဲ႔ အသါးတင္ထါးပါတယ္။

Valve spindle ၇ဲ႔ lower part မွာ spindle ကုိ လည္ဘို႔အတြက ္vane wheel တပ္ထါးပါတယ္။ 

Exhaust valve ပံုမွန္အလုပ္လုပ္မလုပ္စစ္ဖို႔ lifting/rotation check rod ကုိhydraulic cylinder 
ထိပ္မွာတပ္ထါးပါတယ္။Spindle အေပၚပုိင္းမွာ ၁- air piston( exhaust valveကိ ု ၿပန္ပိတ္ဖုိ႔။)spindle မွာ conical ring 
နဲ႔ဖမ္းထါးပါတယ္၊၂- hydraulic piston (exhaust valve ဖြင္႔ဖို႔။ piston ring 2 ခုနဲ႔ damping arrangement 
ပါပါတယ္။)ေတြတပ္ထါးပါတယ္။အဒဲ ီhydraulic piston ကိ ုcam shaft ေပၚမွာတပ္ထါးတဲ႔ exhaust cam ကေမါင္းေပးတဲ႔
valve actuator gear ကပို႔ေပးတဲ႔ hydraulic pressure နဲ႔ acting လုပ္ပါတယ္။opening oil pressure က ၁၆၀ 
ဘါးေလါက္၇ိွၿပီးsafety valve က ၃၀၀ ဘါးခ်ိန္ထါးပါတယ္။ (ME အင္ဂ်င္မွာေတါ႔ FIVA နဲ႔)Valve housing 
ထိပ္မွာတပ္ထါးတဲ႔ air cylinder က exhaust valve ၿပန္ပိတ္ဖုိ႔ တါ၀န္ယူပါတယ္။Hydraulic cylinder ကေတါ႔ air piston 
အေပၚဖက္မွာ stud & nut ေတြနဲ႔ တပ္ထါးပါတယ္။Sealing air arrangement ကုိ air cylinderတပ္ထါးတဲ႔  spindle
ေန၇ာေအါက္နားမွာတပ္ထါးပါတယ္။သူက exhaust gas နဲ႔အမွဳန္ေတြ running surface ထမဲ၀င္ေအါင္ Pneumatic 
system ကိုဂ်ီးေတြမ၀င္ေအါင ္ ကါကြယ္ေပးပါတယ္။ air cylinder က oil mist ပါတဲ႔ေလက sealing ring ကို
သက္တမ္း၇ွည္ေစပါတယ္။ F.W.E မွာ sealing air auto cut off ၿဖစ္ပါတယ္။ 



Exhaust valve ေပၚမွာ ၇ွိ Load ေတြက-၁-Thermal load on valve head.၂-Tensile stress on the stem.၃-Friction 
with guide on stem.၄-Hammering effect on the valve seat. ၅-Erosion of hot and cold gases on valve 
head. 

Material -For exhaust valves; ၁-The material should retain its greatest strength at high temperature.၂-
The material should retain its properties after repeated heating to working temperature and cooling in air, 
i.e. there should be no tendency to air harden.၃-Critical temperature should be above 800’C.၄-There 
should be no tendency to scaling at high temperatures.၅-Steel should be resistance to hot and cold 
corrosion attack.၆-Must be easily forged and machined.၇-Be capable of consistent and reliable heat 
treatment. 

အခ်ိဳ႔exhaust valve ေတြမွာ stem seal ၿကာၿကာခံဖုိ႔
COL ေခၚတဲ႔ Control oil leve design လုပ္ထါးပါတယ္။ 

Oil sealing 



၁- Sealing air က exhaust gas နဲ႔ အမွဳန္ေတြကုိကါကြယ္တယ္။ 

၂-air cylinder က oil mist ပါတဲ႔ေလက sealing ring ကုိ သက္တမ္း၇ွည္ေစတယ္။( ၿပီးေတါ႔ new sealing air system  
က exhaust valve air spring ကေန ေပးလုိ႔၊ Oil mist ေ၇ာပါလုိ႔ spindle တုိက္စါးမွဳကုိကါကြယ္တယ္။)

၃-vane wheel က spindle ကုိ လည္ေစလို႔ gas leakage ၿဖစ္ႏိုင္ေၿခကုိ ေလ်ာ႔ေစတယ္။ 

Modified exhaust spindle guide sealing air 
arrangement

To extend frequency of overhauled – 

TBO ကုိဆြဲဆန္႔ဖုိ႔လုပ္ထါးတါေတြကိုၿကည္႔၇င္

Oil sealing သံုး၇င ္ ဒီထိပ္ကုိေ၇ာက္လါပါတယ္။ 



၄- w seat type exhaust valve bottom piece ကုိသူံးထါးလုိ႔ သက္တမ္း၇ွည္လါတယ္။ 

The W-seat Type Exhaust Valve Bottom Piece has been composed of two narrow concentric contact 
areas. 

The effect of this structure is that carbon particles trapped between the valve spindle seat and the 
bottom piece seat will be crushed at valve closing process and squeezed out at valve opening process. 
Consequently, since the generation of dent marks are eliminated considerably, the valve seat is kept 
clean and long overhaul interval of the exhaust valve can be achieved.(valve spindle seat & bottom piece 
seat ၿကားလါညွပ္တဲ႔ carbon deposit ေတြက valve အပိတ္မွာဖိေခ်ခံ၇ၿပီး ဘါးၿပန္အဖြင္႔မွာ အၿပင္ကို တြန္းထုတ္ခ၇ံလုိ႔
exhaust valve သက္တမ္းကိုၿမွင္႔တင္ပါတယ္။) 

 ၅-bottom piece ကုိ bore cooling ေပးထါးလို႔ အပူခ်ိန္ကိ ုလုိအပ္သေလါက္ထိန္းႏုိင္တယ္။ 

၆-orifice ထည္႔ၿပီး optimize cooling water system သံုးထါးလုိ႔ valve housing temp ကုိ cold corrosion ၿဖစ္ႏိုင္တဲ႔ 
temp အေပၚမွာထိန္းထါးႏုိင္တယ္။ 

Bore cooling 



၇-cold corrosion ၿဖစ္ႏုိင္ေခ်မ်ားတဲ႔ spindle guide boss နား။အေအးခံေ၇၀င္တဲ႔ေန၇ာပတ၀္န္းက်င္ကုိ 
အသါးပုိထူေပးထါးတယ္။ပုိအစါးခံနိုင္ေအါင္။(ၿပီးေတါ႔ gas duct ကိ ု high velocity sprayed diamalloy 1005 coating 

လုပ္ထါးတယ္။)  Long Spindle guide က grey cast iron နဲ႔
လုပ္ထါးပါတယ္။ဒါကလဲ cold corrosion ကုိေလ်ာ႔ခ်ဘုိ႔ cooling temp ကုိတင္လုိ႔သုံး၇တါပါ။ 

၈-Valve spindle က Nimonic type ( Duraspindle ကိုလသဲံုးနုိင္ပါတယ္။)ၿဖစ္ၿပီး bottom piece က hardened heat 
resistant steel နဲ႔လုပ္ထါးတယ္။ 

With the high temperature level; a 

cast iron spindle guide bushing is 
necessary.



၉-Exhaust valve air cylinder အတြက္ sealing လုပ္ထါးတဲ႔ေန၇ာကုိၿဖတ္သန္းေန၇တဲ႔ Valve spindle ၇ဲ႔ stem 
ေန၇ာမွာ (wear resistance mixture of metal carbide and super alloy) ကိ ု HVOF Process နဲ႔
အသါးတင္ထါးပါတယ္။ 

၁၀-valve seat မွာ recess chamber ပါလို႔ သက္တမ္းကုိပုိ၇ွည္ေစတယ္။ MC engine exhaust valve seat ေတြမွာ 
recess chamber ဆုိတဲ႔ ေၿမာင္းပါတယ္။ သူက scavenge air ကုိ compression stroke မစခင္ေလးမွာ 
ဖမ္းယူထါးတယ္။ အဒဲီေလက valve seat သက္တမ္းကိုပိ၇ုွည္ေစတယ္။ 

Piston ring groove ကို HVOF 
Process နဲ႔ အသါးတင္ပံု



၁၁- slide fuel valve ကုိ သံုးလို႔ exhaust valve မွာ soot ကပ္တါေလ်ာ႔ေစတယ္။ခံ၇တဲ႔အပူခ်ိန္ကိုလေဲလ်ာ႔ေစတယ္။ 

၁၂-ဘါးအပိတ္မွာ damping ၿဖစ္ေအါင္လုပ္ထါးလုိ႔ impact load ကုိေလ်ာ႔ေစတယ္။ 

၁၃-OROS combustion chamber with high topland piston ကိုသုံးထါးလို႔ exhaust valve ခ၇ံတဲ႔ temp 
ကုိေလ်ာ႔ေစတယ္။ 



၁၄- small & medium bore engine ေတြ၇ဲ႔ exhaust valve bottom piece ေအါက္ဆံုး o’ring ကုိ special Teflon seal 
with spring back up (U-seal) နဲ႔လုပ္ထါးပါတယ္။ (ေ၇ယုိတါကါကြယ္ဖို႔) 

Today, an alarm indicates when the air pressure drops to 5.5 bar. However, with the introduction of the 
new slow-down function, the engine load is, as an extra precaution, lowered automatically if the air 
pressure drops below 4.5 bar. 

The reason for the introduction of this extra precaution is the recognition of the damage that may occur 
if the air spring pressure to close the exhaust valve becomes too low at high engine loads. The exhaust 
valve spindle may then reach the mechanical end-stop in the fully open position while, at the same time, 
the exhaust valve actuator produces max. hydraulic pressure. The slow-down function in connection with 
the safety relief valve will prevent major damage to the camshaft and the exhaust valve. 

General design of starting and manoeuvring  air systems for adequate air supply 

Two cases of malfunctioning of exhaust gas valves on large two-stroke engines that were not fitted with 
the above-mentioned safety valve and pressure switch have been reported recently. In both cases, the 



air spring pressure to close the exhaust valves had become too low, due to operational reasons, and the 
valve spindles reached the mechanical end-stop in the fully open position while, at the same time, the 
exhaust actuator produced max. hydraulic pressure. This led to the cams slipping from their positions and 
to the exhaust valve air pistons becoming damaged. 

Oros ပစ္စတင္အတြက္ exhaust valve 



၁၆- MC-C Oros piston ပါတဲ႔ အင္ဂ်င္ေတြ၇ဲ႔ exhaust valve  spindle guide ေပၚမွာ disc spring ္။ ဘါးပိတ္တါ 
overshoot ၿဖစ္လုိ႔ air piston မပ်က္ေအါင၇္ယ္။ valve spindle သက္တမ္းပုိေကါင္းဖို႔၇ယ္ ၿဖစ္ပါတယ္။ 

၁၅-ဒါေပမဲ႔ OROS Piston 
ကထိပ္မွာအဖုပါလုိ႔ piston top နဲ႔ exhaust 
valve spindle ၿကား အကြါနပဲါတယ္။ 
ဒါေၿကာင္႔ အ၇င္အင္ဂ်င္ေတြလုိ hydraulic 
pressure release လုပ္လို႔မ၇ပါဘူး။ 

exhaust valve နဲ႔ camshaft 
ေတြပ်က္စီးမွဳကိုကါကြယ္ဘို႔ တခါပြင္႔၇င္ ၂၀ 
sec ၿကာပြင္႔တဲ႔ safety valve 
မ်ိဳးတပ္၇ပါတယ္။ 

၇ူိး၇ိူး piston အတြက္ valve gear  

OROS Piston အတြက္ valve gear 



During the starting sequence in ASTERN direction, the exhaust valve will start to open while the cylinder 
is still being supplied with starting air. The puncture valve B will delay opening of the exhaust valve until 
the starting air sequence has finished 

တကယ္လုိ႔ cylinder 4 or 5 လုံးဘပဲါတဲ႔ MC အင္ဂ်င္ေတြ၇ဲ႔ starting လုပ္တဲ႔  overlap က နလုိဲ႔ နုွိး၇ခက္တဲ႔ အၿဖစ္က 
ကါကြယ္ဘုိ႔ astern  နိဳး တဲ႔အခ်ိန္ actuator piston upward stroke မွာ hydraulic actuating gear hydraulic 
cylinder မွာတပ္ထါးတဲ႔ puncture valve က ဖြင္႔ေပးထါးလုိ႔ exhaust valve   ပိတ္ၿပီး air starting overlap ကုိ၇ေစလုိ႔
နုိး၇လြယ္သြါးပါတယ္။  

Puncture 
valve =B 



Old design CPR ring

CPR ring  ေနာက္ဆံုး အသစ္(exhaust valve နဲ႔ေတါ႔သိပ္မဆုိင္ပါဘူး) 



အခ ုalu coated CPR Ring pack တပ္ထါးတဲ႔တခ်ိ ႔ဳအင္ဂ်င္ေတြမွာCPR Ring က CL groove ေတြစါးသြါး၇င ္ TBO 

က်တယ္။(CPR မဟုတ္တဲ႔ အ၇င္၇ူုိး၇ူိး piston ring ေတြက cut လုပ္ထါးတဲ႔ေန၇ာက pressure relieve လုပ္တယ္။) ခု
CPR ring ကအဒဲါကုိပိတ္ထါးေတါ႔ CL groove စါးသြါး၇င္ liner & ring ၿကား contact pressure ေတြတက္ၿပီးadhensive 
wear ၿဖစ္ၿပီး liner & ring  ပုိစါးလါတယ္။ port on plane (POP) ဆုိတဲ႔ CPR Ring design သစ၇္ဲ႔ အေပၚမ်က္ႏွာၿပင္မွာ 
milled passage ေလးပါေတါ႔  ring စါး၇င ္milled passage က ပိ ုrelease လုပ္ေပးလုိ႔ contact pressure 
ကိုလုိသေလါက္ထိန္းထါးႏုိင္လို႔ liner စါးတါကကါကြယ္တယ္။ 

MAN Diesel has decided to omit the so-called safety valve on allnew engines delivered from 1 January 
2007, as all engines of the MAN B&W design already have a built-in safety function with regard to 
excessive combustion pressure. Many years ago, all classification societies of IACS (International 
Associations of Classification Societies) introduced rules that required safety valves with the combustion 
chambers. The classification societies requested that the opening pressure be adjusted to approximate 
pmax + 40%. 

In order to fulfil this class rule, MAN Diesel A/S developed safety valves that were design approved, 
pressure tested and certified by the individual classification society. even though MAN Diesel was aware 
that for reasons of design and space limitations, the opening area in the safety valve would be 
insufficient to relieve the cylinder pressure fast enough. 

A safety valve complying with this requirement requires an opening area in the size of the exhaust valve 
opening area, which is impractical. As a consequence, MAN Diesel initiated a dialogue with the class 
societies in the forum of IACS/CIMAC, with a view to omit such valves. MAN Diesel has argued that the 
function of the safety valve is insufficient, and that too high a cylinder pressure is actually limited solely 
by the cylinder cover lifting. 

IACS and the majority of the class societies have accepted our point of view and, subsequently, the text 
in the IACS Unified Rules has been changed. Therefore iACS and the major classification societies have 
now adjusted their rules so that a safety valve or a warning device is no longer required. 

New design POP CPR 



Despite the fact that the majority and major classification societies have approved the above change - a 
dialogue is still ongoing with a few class societies regarding their final approval. Therefore, owners and 
operators of MAN B&W two-stroke engines should obtain acceptance from the relevant class society prior 
to initiating the above modification. 

Once approval has been obtained - the necessary parts described above can be ordered from MAN Diesel 
or the relevant engine builder. 

Questions or comments regarding this EL should be directed to our Dept. 

MAN Diesel has decided to omit the so-called safety valve on all new engines delivered from 1 January 
2007, as all engines of the MAN B&W design already have a built-in safety function with regard to 
excessive combustion pressure.  

The cylinder pressure is controlled as a part of routine maintenance, and in the event that the cylinder 
pressure exceeds the design limit, the elasticity in the cylinder cover studs will allow the cylinder cover to 
lift, thereby ensuring relief of the high pressure gas. The safety valve used so far will not, in any case, be 
able to cater for such a situation.  

Thus, the safety valve on engines in service can be omitted, pending the simple modification described in 
the following as well as approval from the relevant classification society  

(a) Purpose 



 Cylinder relief valve is fitted in each cylinder to protect the 

cylinder against the excessive internal pressure that is higher than the 

maximum fire pressure in the cylinder. In the case of excessive pressure 

in the cylinder, it can relief to the direction in such a way as to be 

harmless to personnel. 

Pressure Setting 

 The blow off pressure can be adjusted by turning the cap nut or 

adjustable nut after slacken the lock nut. It is between the valve housing 

and the guide. 

 The blow off pressure should be adjusted 20 to 30 % above the 

normal working pressure. 

The recommendations are to be considered as overall guidelines based on engine performance including 
the exhaust gas boiler in general. In case permanent low-load operation of the engine is required, the 
exhaust gas boiler manufacturer should be  



consulted for advice, as well.  

Low-load operation with MC/MC-C engines With the introduction of slide fuel valves, engine conditions for 
service at low loads for long term operation have been significantly improved.  

With slide valves, satisfactory continuous running conditions can be obtained down to 50-60% of MCR 
rpm (10-20% engine load) without making any changes on the engine itself, but obeying certain 
procedures in this range below 40%.  

The engine load can be reduced to 40% without taking any particular precautions in the systems and 
procedures. At any load above 40%, the auxiliary blower has generally switched off, and the exhaust gas 
has a velocity which is sufficient for  

transporting soot away during normal operation and soot blasting. 

Measures to improve the fuel valve performance at low load:  

1) Introduction of slide valves (i.e. fuel valve atomizers with no sac volume). Slide valves are our 
standard today and can be installed as retrofit on MC/MC-C engines in service. In the slide valve, the sac 
volume is omitted and the combustion is improved during all load steps.  

2) Cylinder cut-out system- The cylinder cut-out system, to be used at rpm’s below 40% of MCR rpm, 
allows the engine to operate with only half of the cylinders, resulting in increased load on the operating 
cylinders with improved operating conditions for the fuel system as a result and, thereby, ensuring stable 
running conditions down to 20-25% of nominal rpm. The speed limits for the actual plant should be 
evaluated by MAN Diesel on a case-to-case basis  

Furthermore, in some special cases, it can be relevant to introduce auxiliary blowers with increased 
capacity in order to reach a higher load before they switch off. In such case, the auxiliary blowers are 
running permanently at relatively high part loads in  

accordance with the increased setting point for “cut out” 

To avoid continuous start/stop of the auxiliary blowers, the permanent low-load operation should be set 
to a level outside cut in/cut out of the auxiliary blowers.  

The MC/MC-C engines can be operated below 20% load without special measures for improvement of 
slow steaming conditions for short periods (12-24 hours). However, it is recommended to increase the 
engine load above 75% load for approx. one hour every 12 hours in order to increase the velocity of the 
gas and there by clean the gas ways.  



In relation to the expected increased depositing of soot in the internal parts of the engine and 
turbocharger, special attention should be given to turbocharger cleaning, which should be carried out 
more frequent than stated in the instruction for normal operation.  

Optimisation of the part load service conditions by turbocharger re-matching and change of fuel nozzles 
will change the IMO NOx certification and require a new IMO certification of the engine.  

If the desired ship speed is at very low loads (i.e. below 20% load), turbocharger matching has only 
marginal influence on the engine performance, and only marginal improvements can be obtained by re-
matching. 

Starting Air Valve 
Non-Return Valve in Starting Air Pipe 
Starting Air Distributor 

L-MC Engines

Dear Sirs, 

We have recently experienced cases on the above engine types where leaking starting air valves have resulted in 
consequential damage in starting air distributors of the rotary type because of malfunctioning of the non-return valve 
owing to dirt and other foreign particles. Ref. Fig. 1. 

The sequence of the mishaps has been as follows: 

Leaking starting air valves have resulted in excess exhaust gas pressure in the main starting air pipe after the main starting 
valve. The venting hole pos. 1, in the starting air pipe, has not been able to release the gas pressure, which has passed the 
non-functioning non-return valve pos. 2, and entered the space pos. 3 in the starting air distributor. This has caused the 
reversing disc and the distributor disc to be permanently pressed together with consequential abrasive wear, eventually giving 
starting difficulties. 

Pressure built-up in the main starting air line during running can easily be felt by hand at the venting pipe pos. 1. In case this 
pipe is blowing, feel-over the starting air pipes to each cylinder. If none of these are heated, the leak must be in the main- or 
slow turning valves. 

In order to avoid manoeuvring difficulties, we strongly recommend that precautions are taken in the following places: 1) 
starting air valves. 2) non-return valve, 3) starting air distributor. 



Re. 1: Starting air valves 

Inappropriate tightening of the starting valve can cause the starting valve to leak. To improve the certainty of uniform 
tightening and thereby uniform surface pressure on the contact face of the cylinder cover, we recommend to modify the 
starting valve by mounting a new top cover (pos. 1) and a distance tube (pos. 2) as shown in Fig. 3. These 
components can be purchased from us or one of our licensees. 

The advantage of the new top cover is that the force from the bolts is centrally applied through the starting valve 
housing to the contact face against the. cylinder cover. The studs are to be stepwise cross-tightened. Make sure that the two 
lifting nuts (pos. 3) beneath the flange do not touch the flange (see Fig. 3). 

We strongly advise against the permanent use of copper packing rings at the contact face against the cylinder cover. In case of 
leaking between starting valve housing and cyl. cover, the surfaces should be - 
overhauled by means of the supplied tools. 

Re 2: Non-re turn va lve  

We have in several cases, with very short intervals, experienced that the non-return valve has been damaged by foreign 
particles coming with the starting air passing the main starting air valve. In one case a piece of welding wire blocked the valve 
in the open position. In order to prevent future problems, we recommend very careful cleaning of the starting air system. 

Re 3: Start ing air distr ibutor 

As an extra safety precaution, we recommend to introduce a protection valve corresponding to pos. 4 in Fig. 2. This valve will be 
introduced in our drawings for new engines. 

The pilot air to the protection valve is to be connected to the box with pneumatic valves in such a way that it is only 
activated during stop and start of the engine. See the enclosed diagram of the maneouvring system, drawing No. 1382074-
0, in which the pipe should be connected to outlet 9 in box 1. These components can be purchased from us or one of our 
licensees 

1-cpp system တခုမွာ clutch ကပ္ၿပီးမွ pitch control ကုိ hydraulic oil ေ၇ာက္ေအါင္ဘယ္လုိစီမံထါးလ။ဲ 

Sequence valve နဲ႔လုပ္ထါးပါတယ္။ 

  pressure control of hydraulic actions so that one function cannot be exerted until the pressure of 
another function has reached a predetermined value. When performing in such a manner, the valve is 
called a sequence valve 



၂-ပုံမွန ္normal current - In =1000 Amp ေလါက္၇ိွ ACB တလံုး၇ဲ႔ specification မွာ Short time withstand (Icw 
75kA 1s) ဆုိၿပီးပါတယ္။ အဒဲါဘါကုိေၿပာတါလ ဲ

75kA fault current ကုိ ၁ sec ခံနုိင္

3-အၿပင္ spare room ထကဲ ACB အသစ္တလုံးကုိ MANUAL HANDLE နဲ႔ CHARGE လုပ္ၿပီး CLOSE လုပ္ၿကည္႔၇င္ ACB 
CLOSE ၿဖစ္ပါမလါး။ဘါလုိ႔လ။ဲ 

မ၇။uvt coil power မ၇ွိလို႔

၄-corrosion မၿဖစ္ေအါင္ ကါကြယ္တဲ႔နည္း ဘယ္နွစ္ခု၇ွိလ။ဲ ဘါေတြလ။ဲ  

၃ နည္း/barrier, inhibitor,galvanic effect 

၅-အၿပင္ သဘါ၀ atmosphere မွာ သံက ေၿကးထက္ပိုၿပီး ဘါလုိ႔ corrosion ဒါဏ္ေၿကာင္႔ ပ်က္စီးတိုက္စါးလြယ္၇တါလ။ဲ 

Copperမွာဓါတ္ၿပဳၿပီးကပ္ေနတဲ႔ ေၿကးညွိ green patina( bronchantite, CuSO, - 3Cu(OH))ကေတါ႔ copper ကုိ
ပါတ္၀န္းက်င္ကေန လုံး၀ isolate လုပ္ၿပီးကါကြယ္ေပးလုိ႔ ဆက္ၿပီးတိုက္စါးမုွမၿဖစ္ေတါ႔ပါဘူး) 

၆-ဘြိဳင္လါ မွာခပ္တဲ႔ chemical ေတြမွာ Magnetite , Good metal passivation ဆုိၿပီး 
ညြန္းတတ္တယ္။အဒဲါဘါကုိေၿပာတါလဲ။ 

Magnetite အလြါၿဖစ္မုွအါးေပး 

7-ACB တလုံး draw out မလုပ္ခင္ဘါအ၇င္လုပ္၇မလဲ။ 

Open လုပ္ၿပီးမွ draw out လုပ္

၈-reverse power trip မွာဘါလုိ႔ time delay ထါးတါလ။ဲ 

Load shift  

၉-bus tie breaker မွာ UVT ပါလါး။ဘါလုိ႔လဲ 

မပါ။ uvt protection မလိုလုိ႔ 

၁၀-သံသါးေတြသံဂ်ီးတက၇္င္ ေဆးမ၇ွိလို႔ ေဆးမသုတ္နုိင္ေသးခင္ သံေခ်းခြါတါမွန္တဲ႔လုပ္၇ပ္လါး။ 

မမွန္

11-MC engine cylinder head မွာ အ၇င ္တုံးက relief valve တပ္ထါးၿပီး (အခုေတါ႔ indicator cock 
နားလါတပ္ထါးတယ္) opening pressure = Pmax + 40% ေလါက္ခ်ိန္ခိုင္းထါးတယ္။တကယ္ အင္ဂ်င္ထဲ အေဲလါက္
pressure ၿမင္႔တက္ခဲ႔၇င ္အဒဲ ီvalve ေသးေသးေလးက လုံလုံေလါက္္ေလါက္ relief လုပ္နုိင္ပါမလါး။မလုပ္နိုင္၇င္
တၿခားနည္းနဲ႔ relief လုပ္နိုင္ေအါင္လုပ္ထါးလါး။ဒါဆုိအဲဒီနည္းက ဘါလ၊ဲ 

မလုပ္နိုင္ပါ။The cylinder pressure is controlled as a part of routine maintenance, and in the event that the  



cylinder pressure exceeds the design limit, the elasticity in the cylinder cover studs will allow the 

cylinder cover to lift, thereby ensuring relief of the high pressure gas. The safety valve used so  

far will not, in any case, be able to cater for such a situation. 

၁၂-MC Engine နိဳးတုံး အဲဒ ီrelief valve ပြင္႔ေလါက္ေအါင္  မလုိလါးအပ္တဲ႔ fault pressure မၿဖစ္ေအါင္
ဘယ္လိုကါကြယ္ထါးလဲ 

Fuel ေပးတါနဲ႔ starting air ၿဖတ္ေတါက္။ 

၁၃-wartsila sulzer engine ေတြက super slow speed ေမါင္း၇င္ဘါမွလုပ္စ၇ာမလုိေပမဲ႔ MC Engine ေတြက slide 
fuel valve ေၿပာင္းတပ္ခုိင္းတယ္။ အဒဲီလုိ slide valve ေၿပာင္းတပ္စ၇ာမလိုဘ ဲအနိမ္႔ဆုံးေမါင္းနိုင္တဲ႔ load 
ကဘယ္ေလါက္လဲ 

၄၀% of load 

၁၄- safety relief valve full lift type ေတြမွာ simmer ကိုေလ်ာ႔ခ်င္၇င္ဘါကိုခ်ိန၇္မလဲ။ 

simmer သိပ္မ်ားေန၇င္( pop လုပ္တါၿကာေန၇င)္  - lower ring ကို အေပၚၿမွင္႔ေပး၇ပါမယ္။blowdown 
မ်ားလါပါလိမ္႔မယ္။ 

၁၅-ေနာက္ပုိင္း turbocharger ေတြမွာစီမံထါးတဲ႔  integrated burst protection arrangement    ဆိုတါဘါလ ဲ

Exhaust line explosion ၿဖစ္လုိ႔ Turbocharger overspeed ၿဖစ၇္င္ေတါင ္impeller & turbine blade ေတြဟါ casing 
ထကဲေနအၿပင္ကုိပြင္႔ထြက္မလါပါဘူး။ 

၁၆-အခ်ိဳ turbocharger ေတြမွာ turbine side မွာ turbine outlet diffuser ပါတယ္။အဲဒါဘါအတြက္တပ္ထါးတါလဲ၊ 

Exh gas kinetic energy ကိ ုrecovery လုပ္

၁၇- turbocharger internal bearing type ေတြမွာ  rotor shaft diameter ကုိ ဘါလုိ႔၇နုိင္သေလါက ္ေသးထါးတါလဲ 

Sleeve bearing(inboard bearing) ေတြကုိ သံုးတဲ႔ အခါလုိအပ္ခ်က္ကေတါ႔  Static & dynamic force ေတြအတြက္
Good load carrying capability ဆုိတဲ႔ load 
ထမ္းႏုိင္စြမ္းၿမင္႔၇မယ္။တည္တည္ၿငိမ္ၿငိမ္ထမ္းႏုိင၇္မယ္။ဆီပြတ္အါးတုိ႔လိုေၿကာင္႔ၿဖစ္တဲ႔ mechanical loss 
ေတြန၇ဲမယ္။(rotor diameter ၿကီးေလ။mechanical loss မ်ားေလ ပါဘ)ဲ 

၁၈-mc engine 5 cylinder 5S60MC နဲ႔  6 cylinder ပါတဲ႔ 6S60MC အင္ဂ်င ္exhaust valve hydraulic actuating 
gear hydraulic cylinder တည္ေဆါက္ပုံဘါကြါလ။ဲ ဘါလုိ႔လဲ 

6 cyl နဲ႔ အထက္မွာ exhaust valve hydraulic actuating gear hydraulic cylinder မွာ puncture valve မပါ။ ၅ 
လုံးနဲ႔ေအါက္မွာ engine နိဳး၇လြယ္ေအါင္ exh valve ကုိ starting air ေလေပးခ်ိန္မွာပိတ္ထါးတယ္။ 

၁၉- OROS Piston , large bore MC engine ေတြ၇ဲ႔ exhaust valve hydraulic actuating gear မွာ ဘါလို႔ safety 
valve တပ္ထါးသလဲ။ 



Spring air pressure က်လို႔ exh valve mech stop ေ၇ာက္ခ်ိန ္hydraulic actuating gear ကဆီထပ္ပို႔၇င္ cam slip ၿဖ 
စ္တတ္တယ္။္ 

20-soot blow steam line က 7K100A VALVE တလုံးမေကါင္းလုိ႔လဲခ်င္တယ္။ store ခန္းထမဲွာ CAST IRON VALVE  
၇ယ္။ CAST STEEL နဲ႔လုပ္ထါးတဲ႔ VALVE ၇ယ ္၂ မ်ိဳး၇ွိ တယ္။ဘယ္ဟါကုိသုံးမလ။ဲဘါလုိ႔လဲ။ 

မ၇။ steam line မွာ ၇ိဳး၇ိုး  cast iron valve မသုံး၇ 

21- electro pneumatic valve positioner တခ ုnozzle block ၿဖတဲ္ၿပိးၿပန္တပ၇္င္ဘယ္လိ ုsetting ၿပန္ခ်ိန္မလ။ဲ 

Electro-pneumatic valve positioner တခု nozzle , flapper တခုကိုပုံမွန္အါးၿဖင္႔ position မေၿပာင္း၇ဘူး။ဒါေပမဲ႔
လုိလုိ႔ၿဖဳတ္ေဆးၿ႔ပီး၇င္ position ၿပန္ခ်ိန၇္မယ္။အဒဲီလုိခ်ိန္၇င္ flapper ကုိ nozzle နားကပ္ထါး( 20 mA ေပးၿပီး 
)။အဒဲီအခ်ိန္မွာ ေက်ြးတဲ႔ေလနဲ႔ actuator ကုိသြါးတဲ႔ေလ pressure တူ၇မယ္။ အဲလိုတူတဲ႔ေန၇ာမွာ nozzle block 
ကုိနပ္က်ပ္လိုက္ပါ။

၂၂-M.C Engine မွာ rpm ကို  proximity switch သုံးၿပီး Nabtesco ဘယ္လိုတြက္ယူလ၊ဲ

Turning gear အစိတ္အေ၇အတြက္နဲ႔ - 6s50Mc ဆုိ ၁၁၇ ေလါက္၇ိွတယ္။ten key address = 194

၂၃-၇လါတဲ႔ တြက၇္ တန္ဖုိးနဲ႔ speed order ကြါၿခားမုွကို ဘယလ္ို ထ္ိန္းလဲ

The controller serves to compare the rotating speed commanded, with actual engine speed detected by 
the use of proximity switch, execute the PID calculation for the deviation to control the actuator 
connected to the fuel pump, and further to adjust the amount of fuel supplied to the engine so that the 
deviation in speed can be eliminated

၂၄-Fuel limiter - The equipment = governor is incorporated with four types of fuel limiters for prevention 
of engine over-load and stalling. Nabtesco မွာ ၄ မ်ိဳးပါတယ္တဲ႔။ အဲဒါဘါေတြလ၊ဲ 

၁. MAX.  LIMITER  

၂.  TORQUE LIMITER  

၃.  SCAVEN. LIMITER  

၄.  MIN.  LIMITER 

25-အ၇င ္MC Engine ေတြတုံးက pilot air manual valve ကေန distributor ကုိသြါးတဲ႔ ေလလုိင္းၿကားမွာ valve 26 
မ၇ွိလို႔ distributor ထကဲ reversing disc & distributor disc 2 ခု seize ၿဖစ္ၿပီး အင္ဂ်င္နုိးမ၇တဲ႔  ၿ႔ပသနာ 
ၿဖစ္ေလ႔၇ိွတယ္။အဒဲါဘါလုိ႔ ၿဖစ္တါလ။ဲ အဲဒ ီvalve 26 မေကါင္းလုိ႔ အသစ္လစဲ၇ာမ၇ိ၇ွင္ ၿဖဳတ္ထုတ္ၿပီး cock တခုနဲ႔
အစါးထိုးလိုက္၇င္ဘါၿဖစ္နိုင္လ။ဲ 

Mc engine starting air line က valve 26 ပ်က္သြါးတယ္။ spare မ၇ွိလို႔ ၇ုိး၇ိုး 30 bar ခံနိုင္တဲ႔ cock တခုထည္႔၇င္
၇မလါး။၇တယ္ဆုိ အဒဲ ီဗါး၂၆ က ဘါအတြက္ထည္႔ထါးတါလ ဲ



Air start valve မလုံလို႔ exh gas ေတြ starting distributor ကိ ုၿပန္လါၿပီး seize ၿဖစ္လို႔ အဒဲ ိvalve 26 
ကုိထည္႔ထါးတယ္။ မ၇ွိ၇င္ ၇ိဳး၇ုိးဗါးထည္႔ၿပီး သုံးနိုင(္ ၇၇င္ေတါ႔ၿပနထ္ည္႔ေပါ႔) 

26-MC Engine မွာ main engine aux blower 2 လုံး၇ိွတဲ႔အထကဲ တလုံးပ်က္သြါး၇င္ က်န္တလုံးထနဲဲ႔ manoeuvring 
လုပ္လို႔၇လါး။turbocharger compressor အထြက္ေလက air cooler,water mist catcher  ကုိၿဖတ္ၿပီး receiver 
ကုိေ၇ာက္တယ္။aux blower အထြက္ကေကါ air cooler / water mist catcher ကုိၿဖတ္ၿပီး receiver ကုိေ၇ာက္တါလါး။ 
aux blower inlet ေလက ဘယ္ကလါတါလဲ။ 

၇ပါတယ္။  aux blower က တါဘုိ suction ကယူၿပီး air cooler ကိုမၿဖတ္ဘဲ အင္ဂ်င္ဆီပို႔

27- slide fuel valve ေၿပာင္းတပ္တါနဲ႔ ဘါလို႔ low load ေမါင္းလို႔၇တါလ။ဲ 

ME/ME-C engines are equipped with slide fuel valves as standard. The injection pressure is independent 
of the engine load and creates an optimised injection on all load levels and, accordingly, makes cylinder  
cut out less relevant for securing stable running conditions at very low loads.  

28-MC Engine ေတြ၇ဲ႔ NOx emission က low load မွာပုိမ်ားလါး။ high load မွာပိုမ်ားလါး။ 

Low load 

29-MC engine ေတြ exhaust valve spindle ကုိေပးတဲ႔ sealing system ဘယ္ႏွစ္မ်ိဳး၇ွိလ။ဲ ဘါေတြလဲ၊ 

၂ မ်ိဳး ။ air sealing & oil sealing 

၃၀-MC engine ေတြ air starting valve leak ၿဖစ္၇င္ main air starting line ထဲ hot leak gas 
ေတြမ၀င္ေအါင္ဘယ္လိုလုပ္ထါးလ။ဲ 

Non return valve တပ္ထါးပါတယ္။ 

31-PLC နဲ႔ပတ္သက္လုိ႔ Set & Reset FLIP FLOP ဆုိတါဘါလ၊ဲ ဘယ္ FUNCTION မွာအမ်ားဆုံးသုံးတတ္လ။ဲ 

Alarm circuit ေတြမွာသံုးတတ္တယ္။ alarm လါၿပီး reset ၿပန္လုပ္ဖို႔။ 

32-ON DELAY , OFF DELAY ဆုိတါဘါလဲ။ 

ခလုပ္ဖိၿပီးခဏေနမ ွon တါ on delay,အဲဒီလုိဘခဲဏေနမွ OFF ၇င္ OFF DELAY 

၃၃-RETENTIVE ON DELAY ဆုိတါဘါလ။ဲ(RETENTIVE = ABLE TO RETAIN) 

On delay က ပါ၀ါ off ၿဖစ၇္င္ preset time = 0 ကၿပန္စ။ retentive on delay ဆုိ ပါ၀ါ off ၿဖစ္ၿပီး ၿပန္ on ၇င္ေနာက္ဆုံး 
၇ပ္သြါးတဲ႔ အခ်ိန္က ၿပန္စ။ 

34- 3 term controller နဲ႔ 3 element controller ဘါကြါလ၊ဲ  

PID က 3 TERM,  

WATER, STEAM, LEVEL စသၿဖင္႔ Element 3 ခုကို sense လုပ၇္င္ 3 element 



၃၅- exhaust valve spring air pressure (၄.၅ bar) ေလါက္မွာ slow down ၿဖစ္တယ္။ ဘါလုိ႔ slow down function 
ထည္႔ထါးတါလ။ဲအဒဲ ီpressure မွာ slow down မၿဖစ္၇င္ဘါၿဖစ္နိင္လ။ဲ 

Exh valve ပ်က္။ cam slip ၿဖစ္။  

36-PLC ေတြမွာသံုးတဲ႔ XIC ( examine if close ) နဲ႔ လ်ပ္စစ္ပတ္လမ္္းေတြမွာသံုးတဲ႔ NC (normally close)နဲ႔တလူါး။ 
အဒဲီလုိဘဲ XIO (examine if open ) နဲ႔ NO(Normally open)နဲ႔တူလါး။ 

မတူ။XIC ဆုိတါ PLC Scan စစ္ခ််ိန္မွာ close ေတြ၇င္ သူ႔ကုိေပးတဲ႔ instruction အတိုင္းလုပ္။ XIO ဆိ၇ုင္ စစ္တဲ႔အခ်ိိန္
open ေတြ႔၇င္ သူကုိေပးတဲ႔ instruction အတုိင္း output က on ဆုိ၇င္ on မယ္။ NO ကေတါ႔ လ်ပ္စစ္ၿဖတ္မစီးလို႔ ON 
မွာမဟုတ္ပါ။ ON ေစခ်င၇္င္ CR တလုံးထပ္ခ၇ံမယ္။ 

37-Inductive proximity sensor နဲ႔  Capacitive proximity sensor ဘါကြါလ။ဲ ဘယ္ဟါက Metal ေတြကို္ပုိ
အါးေကါင္းေကါင္း detect လုပ္နိုင္သလဲ။ဘယ္ဟါက non metallic object ကုိ detect လုပ္နိုင္လ ဲ

Capacitive proximity sensors will sense metal objects as well as nonmetallic materials such as paper, 
glass, liquids, and cloth. They typically have a short sensing range of about 1 inch, regardless of the type 
of material being sensed 
Capactive proximity sensor က non metallic object ေတြကိ ုdetect လုပ္နိင္။ inductive proximity sensor က 
metal detect ပိုအါးေကါင္း။ 

၃၈- pwm တခုမွာ ၁၀၀% duty cycle ဆုိတါဘါကိုေၿပာတါလ။ဲ 

39-SCADA နဲ႔ DCS ဘါကြါလ၊ဲ 

၄၀-network  နဲ႔ပက္သက္လုိ႔ Topology ဆုိတါဘါလဲ

၄၁-maker မတူတဲ႔ plc ၂ မ်ိဳး profieldBUS NETWORK ထဲလါခ်ိတ္၇င္ ဘါေတြလုပ္၇မလ။ဲ 

၄၃-စက္ခန္းထေဲန၇ာအနံွ႔က ၿပန္က်ေဲနတဲ႔ SENSOR ေတြ. ACTUATOR ေတြကုိ  CABLE တေခ်ာင္းထနဲဲ႔ လုိက္သြယ္ၿပီး 
monitor & CONTROL လုပ္လို႔ၿဖစ္နုိင္ပါမလါး။  

၄၄-4-20 mA input signal  နဲ႔ေမါင္းေနတဲ႔ PID System တခုမွာ 0 mA input signal ၀င ္လါ၇င္ PID System 
ကဘယ္လုိတုန္႔ၿပန္မယ္ထင္လ၊ဲ 

၄၅-4-20 mA ကိ ု0-10 V ထက္ပိုအသုံးမ်ားၿကတယ္။အဒဲါဘါေၿကာင္႔လ.ဲ 

၄၆-pulse width modulation(PWM) ကုိေနာက္တမ်ိဳးဘယ္လုိေခၚၿကလ။ဲ

47- 500 watt ၇ွိ heater coil တခုထဲကိုသုံးၿပီး temp ၿမင္႔ေစခ်င္၇င္ ၿကာၿကာဖြင္႔။နိမ္႔ေစခ်င္၇င္ ခဏေလးဖြင္႔ နဲ႔
အပူခ်ိန္ထိန္းတါကုိ ဘယ္လုိ CONTROL မ်ိဳးလုိေခၚနုိင္လ။ဲ 

48- hydraulic MOTOR  တခုသံုးၿပီး ၀န္တခုကိ ုမတဲ႔ (  သေဘၤါ ေက်ာက္မတဲ႔ WINDLASS တခုလိ ု) hydraulic system 
တခုမွာ - ေက်ာက(္မ)ေနတံုး ေမါင္းတဲ႔ HANDLE center position အေနအထါးမွာ ေက်ာက္ၿပန္ေလ်ာ႔မက်သြါးေအါင္



ဘယ္လုိ စီမံထါးလ၊ဲ ANCHOR က ေ၇ထကဲေန ေလထဲေ၇ာက္လါခ်ိန္မွာ hydraulic motor ေပၚသက္ေ၇ာက္တဲ႔ ၀န္က 
ေၿပာင္းသြါးတယ္။အဒဲီအခ်ိန္မွာ ေလ်ာမက်သြါးဘ ဲေၿပာင္းတဲ႔၀န္အတုိင္းလုိက္ဆြဲ(မ) နိုင္ေအါင္ဘယ္လုိစီမံထါးလဲ။ 

49-MEPC 76(40) အ၇ထုတ္ထါးတဲ႔ incinerator တခုမွာ diesel burner ၇ယ္။ sludge burner ၇ယ္ ၂ ခုပါတယ္။ 
တကယ္လို႔ diesel burner ကုိ auto မွာထါးခဲ႔၇င ္ဘယ္အခ်ိန္မွာ cut off ၿဖစ္လ။ဲ 

၅၀-ဘါလုိ႔ INCINERATOR refractory material ကုိ low cement/high alumina quality နဲ႔လုပ္၇တါလ၊ဲ 

၅၁-Pressure jet burner သုံး boiler ေတြမွာ burner ၂ ခုပါတတ္တယ္။ဘါလုိ႔ burner 2 ခုထါး၇တါလဲ၊ 

၅၂-nozzle , flapper သုံး controller တခုမွာ nozzle ပိတ္သြါး၇င္ဘါၿဖစ္မလ။ဲ 

5၃-ethernet switch နဲ႔ ethernet hub ဘယ္ဟါပုိေကါင္းလ။ဲဘယ္ Network မွာသုံးလ၊ဲ 

၅၄-တကယ္လုိ႔ ooredoo GSM Phone card ( Internet သုံးဖုိ႔) ကို wireless router မွာတပ္ၿပီး အိမ္က computer ေတြ 
home network ခ်ိတ္သုံးၿက၇င္ အဲဒီ network ကုိဘါ network လုိ႔ေခၚလ၊ဲ အဲလုိမွမဟုတ္ဘ ဲwireless router မ၇ွိလို႔ cat 
5 ၿကုိးနဲ႔ ဆက္ခ်င္၇င္ဘယ္လုိဆက္၇မလ၊ဲ 

5၅- crossover cabel နဲ႔ Ethernet cable ဘါကြါလ၊ဲ ဘယ္ဟါကုိဘယ္ေန၇ာမွာ သုံးၿပီးဆက္သြယ္လ၊ဲ 

Generally speaking, a crossover cable is constructed by reversing (or crossing over) the order of the wires 
inside so that it can connect two computers directly. A crossover cable looks almost exactly like a regular 
Ethernet cable (a straight-through cable), so make sure you have a crossover cable before following 
these steps. 

၅၇-တကယ္လုိ႔ sludge ေတြကုိ evaporating tank မွာ evaporate လုပ္တဲ႔ အခ်ိန္နၿဲပီး ေ၇ကုန္ေအါင္ evaporate 
မလုပ္ဘ ဲတန္းၿပီး incinerator မွာ မီး၇ွိဳ႔၇င္ ဘါၿဖစ္နို္င္လ ဲ

MEPC 76(40) အ၇ထုတ္ထါးတဲ႔ incinerator Automatic sludge control logic ဆိုတါပါတတ္တယ္။ ဒါေၿကာင္႔ min 
amount of diesel အကူအညီနဲ႔ max amount of sludge ကုိ ေလါင္ေစႏုိင္တယ္။ combustion chamber temp ကို 
၈၅၀’Cအထက္မွာထိန္းထါးႏုိင္တယ္။ ေ၇အမ်ားၿကီးပါတဲ႔ sludge ကိ ုေလါင္ေစ၇င္ဒီဇယ္ဆီအကူအညီမ်ားမ်ားလုိလုိ႔
ဒီဇယ္ပုိကုန္လိမ္႔မယ္။  

၃၈- pwm တခုမွာ ၁၀၀% duty cycle ဆုိတါဘါကိုေၿပာတါလ။ဲ 

1 cycle မွာ off ၿဖစ္တါမ၇ိွေတါ႔ပါ။ဥပမါ - ၂၀၀ watt heater ဆိ၇ုင္ ၂၀၀ watt အၿပည္႔ေပးမယ္။ 

39-SCADA နဲ႔ DCS ဘါကြါလ၊ဲ 

SCADA ဆုိ၇င္ေတါ႔ ပါတဲ႔ PLC ေတြဟါ ပံုမွန ္Control function သါမက data 
ေတြယူ၇မယ္။လုိသလုိထိန္းေက်ာင္း၇မယ္။၇လါတဲ႔ data ေတြကို report လုပ္နုိင၇္မယ္။ပုိ႔တဲ႔ report ကလဲလိုအပ္၇င္



excel sheet လုိမ်ိဳးထထဲည္႔တြက္နုိင္၇မယ္။ေနာက္ၿပီး host computer ၇ဲ႔ HMI software ကေပးတဲ႔ command အတုိင္း 
field device ေတြကိုထိန္းေက်ာင္း၇မယ္။ အဒဲ ီPLC ေတြကပို႔တဲ႔ Data ေတြက host computer ဆီေ၇ာက္ပါတယ္။အဒီဲ
host computer မွာ install လုပ္ထါးတဲ႔ SCADA/HMI software ကုိအသုံးခ်ၿပီး plc ေတြကတဆင္႔ field device ေတြကုိ
ေမါင္းနွင္ပါတယ္။ဒီေတါ႔ PLC ေတြက Standalone မဟုတ္ဘ ဲMultitask or management PLC 
ေတြၿဖစ၇္ပါမယ္။ဒီမွာတခုသတိထါး၇မွာက host computer ဟါ HMI ၿဖစ္သြါးေပမဲ႔ real time control process 
ကုိလုပ္တါမဟုတ္ပါ။( host computer ကတခါတည္႔လွမ္းထိန္းတါမဟုတ္ပါ။ PLC ကသါ real time control လုပ္တါပါ။ 
plc မပါဘနဲဲ႔ေတါ႔ host computer တခုထည္းနဲ႔ field device ေတြကုိမေမါင္းနိုင္ပါ။ )အဲဒီေတါ႔ SCADA host computer 
နဲ႔တထိုင္တည္း data ေတြကုိ ေသခ်ာ document လုပ္နုိင္မယ္။ alarm logger က လြယ္ကူစြါ record လုပ္နုိင္မယ္။ 
setting ေတြကိုလည္း host computer ကေနတန္းထည္႔ေပးနုိင္လီု႔ ပိုစံနစ္တက်control လုပ္နိုင္မယ္။ measurement 
ေတြကုိအ၇င္လုိ စက္ေတြမွာ measurement toolေတြ( engine indicator လုိ) နဲ႔သြါးယူစ၇ာမလိုေတါ႔ဘဲ sensor/plc 
စတါေတြကလါတဲ႔ data ေတြကေနတန္းmeasurement လုပ္နုိင္လုိ႔ mechanical limitation 
ကုိထည္႔တြက္စ၇ာမလုိေတါ႔ပါဘူး( ဥပမါ - 4 stroke engine power card ကုိ mechanical indicator 
နဲ႔ယူဖို႔မၿဖစ္နိုင္ပါဘူး) 

၄၀-network  နဲ႔ပက္သက္လုိ႔ Topology ဆုိတါဘါလဲ

network တခုထမဲွာ device ေတြလါတပ္ထါးတဲ႔ ပုံစံေပၚမူတည္ၿပီး (အဒဲါကုိ topology လို႔ေခၚပါတယ္။) ခြဲၿခားထါးပါတယ္။ 
Network တခု၇ဲ႔ topology က ၂ မ်ိဳးဘ၇ဲိွပါတယ္။ star topology, bus topology ၇ယ္ဆိုၿပီး ၂ 
မ်ိဳးပါ။တကယ္လုပ္ငန္းၿကီးသံုးတါက bus topology ပါ။ 

၄၁-maker မတူတဲ႔ plc ၂ မ်ိဳး profieldBUS NETWORK ထဲလါခ်ိတ္၇င္ ဘါေတြလုပ္၇မလ။ဲ 

Profieldbus protocol ေၿပာင္းေပးတဲ႔ MODULE တပ္ေပး၇ပါမယ္။ 

၄၃-စက္ခန္းထေဲန၇ာအနံွ႔က ၿပန္က်ေဲနတဲ႔ SENSOR ေတြ. ACTUATOR ေတြကုိ  CABLE တေခ်ာင္းထနဲဲ႔ လုိက္သြယ္ၿပီး 
monitor & CONTROL လုပ္လို႔ၿဖစ္နုိင္ပါမလါး။  

၇ပါတယ္။ DEVICE NET က ၄ WIRE ပါ CABLE နဲ႔ဆက္ပါတယ္။ SIEMEN ဆိ၇ုင္ S7200 နဲ႔အထက္အတြက ္ီAS 
interface master module ထည္႔လိုက္ၿပီး တခါတည္းပါလါတဲ႔ 2 core cable နဲ႔သြယ္လိုက္၇ုံပါဘ။ဲ I/O Input/output 
ၿကုိးေတြမလုိေတါ႔ါပါဘူး။ 

၄၄-4-20 mA input signal  နဲ႔ေမါင္းေနတဲ႔ PID System တခုမွာ 0 mA input signal ၀င ္လါ၇င္ PID System 
ကဘယ္လုိတုန္႔ၿပန္မယ္ထင္လ၊ဲ 

WIRE BREAK ALARM ေပးလိမ္႔မယ္။ 

၄၅-4-20 mA ကိ ု0-10 V ထက္ပိုအသုံးမ်ားၿကတယ္။အဒဲါဘါေၿကာင္႔လ.ဲ 



၄-၂၀ mA က ပုိေ၀းေ၀းသြါးနိုင္တယ္။ noise ေတြကို ပိ ုimmuse ၿဖစ္တယ္။. 

၄၆-pulse width modulation(PWM) ကုိေနာက္တမ်ိဳးဘယ္လုိေခၚၿကလ။ဲ 

47- 500 watt ၇ွိ heater coil တခုထဲကိုသုံးၿပီး temp ၿမင္႔ေစခ်င္၇င္ ၿကာၿကာဖြင္႔။နိမ္႔ေစခ်င္၇င္ ခဏေလးဖြင္႔ န႔ဲ
အပူခ်ိန္ထိန္းတါကုိ ဘယ္လုိ CONTROL မ်ိဳးလုိေခၚနုိင္လ။ဲ

time proportioning control 

48- hydraulic MOTOR  တခုသံုးၿပီး ၀န္တခုကိ ုမတဲ႔ (  သေဘၤါ ေက်ာက္မတဲ႔ WINDLASS တခုလိ ု) hydraulic system 
တခုမွာ - ေက်ာက(္မ)ေနတံုး ေမါင္းတဲ႔ HANDLE center position အေနအထါးမွာ ေက်ာက္ၿပန္ေလ်ာ႔မက်သြါးေအါင္
ဘယ္လုိ စီမံထါးလ၊ဲ ANCHOR က ေ၇ထကဲေန ေလထဲေ၇ာက္လါခ်ိန္မွာ hydraulic motor ေပၚသက္ေ၇ာက္တဲ႔ ၀န္က 
ေၿပာင္းသြါးတယ္။အဒဲီအခ်ိန္မွာ ေလ်ာမက်သြါးဘ ဲေၿပာင္းတဲ႔၀န္အတုိင္းလုိက္ဆြဲ(မ) နိုင္ေအါင္ဘယ္လုိစီမံထါးလဲ။ 

Counterbalance valve, load sensing control 

49-MEPC 76(40) အ၇ထုတ္ထါးတဲ႔ incinerator တခုမွာ diesel burner ၇ယ္။ sludge burner ၇ယ္ ၂ ခုပါတယ္။ 
တကယ္လို႔ diesel burner ကုိ auto မွာထါးခဲ႔၇င ္ဘယ္အခ်ိန္မွာ cut off ၿဖစ္လ။ဲ 

650°C  Start sludge burner.(၆၅၀’C ေ၇ာက္မွ sludge burner စအလုပ္လုပ္မယ္။)(ဒီဇယ္
burner နဲ႔တြဲလုပ္မယ္။) 
640°C Temperature decrease to this level stop sludge burner and 
increase sludge program counter with 2.(၆၄၀’C ဆိ၇ုင္ sludge burner ၇ပ္မယ္။) 
800°C - Alarm level for low combustion chamber temperature.(combustion chamber temp နိမ္႔ေၿကာင္း 
alarm) 
850°C Temperature allowing burning sludge alone.(sludge burnerတခုထေဲမါင္းခြင္႔ၿပဳတယ္။) 
၅၀-ဘါလုိ႔ INCINERATOR refractory material ကုိ low cement/high alumina quality နဲ႔လုပ္၇တါလ၊ဲ 

Dioxin ေတြ flue gas ထေဲ၇ာမပါေအါင္ combustion chamber က ၂.၅ မီတါအတြင္း flue gas ကု္ိ
၃၅၀’C ေ၇ာက္ေအါင္ shock cool လုပ္ေပး၇မယ္။(ဒါေၿကာင္႔ refractory material ေတြကို low 
cement/high alumina quality မ်ိဳး နဲ႔ လုပ္၇တယ္။ ဘုိြင္လါကလုိ၇ိုး၇ိုးနဲ႔ မ၇ဘူး။ slag resistant and 
having very good thermal shock resistance ေတြ၇ိ၇ွမယ္။) 

၅၁-Pressure jet burner သုံး boiler ေတြမွာ burner ၂ ခုပါတတ္တယ္။ဘါလုိ႔ burner 2 ခုထါး၇တါလဲ၊ 

Pressure jet burner ေတြဟါ turn down ratio နေဲတါ႔ low load , high load အတြက္ low fire, high fire အတြက္ 
burner 2 ခုထါး၇တယ္။ low load ဆုိ၇င္ တလုံးတည္း။high load လိုခ်င၇္င္ ၂ လံဳးသူံးပါတယ္။ 

၅၂-nozzle , flapper သုံး controller တခုမွာ nozzle ပိတ္သြါး၇င္ဘါၿဖစ္မလ။ဲ 

Actuator ကိုေက်ြးတဲ႔ေလတကယ္လုိတါထက္ပို မ်ားလါလိမ္႔မယ္။ 

5၃-ethernet switch နဲ႔ ethernet hub ဘယ္ဟါပုိေကါင္းလ။ဲဘယ္ Network မွာသုံးလ၊ဲ 



Switch ကပိုေကါင္းပါတယ္။ Ethernet network မွာသံုးပါတယ္။ 

၅၄-တကယ္လုိ႔ ooredoo GSM Phone card ( Internet သုံးဖုိ႔) ကို wireless router မွာတပ္ၿပီး အိမ္က computer ေတြ
home network ခ်ိတ္သုံးၿက၇င္ အဲဒီ network ကုိဘါ network လုိ႔ေခၚလ၊ဲ အဲလုိမွမဟုတ္ဘ ဲwireless router မ၇ွိလို႔ cat 
5 ၿကုိးနဲ႔ ဆက္ခ်င၇္င္ဘယ္လုိဆက္၇မလ၊ဲ 

Wirless network, ethernet hub or Ethernet switch ခံၿပီးဆက္ခ်င္ဆက္။ ကြန္ၿပဴတါ ၂ လုံးဆုိ၇င္ reverse ဆက္

5၅- crossover cabel နဲ႔ Ethernet cable ဘါကြါလ၊ဲ ဘယ္ဟါကုိဘယ္ေန၇ာမွာ သုံးၿပီးဆက္သြယ္လ၊ဲ 

Crossover cable – reverse,  

Generally speaking, a crossover cable is constructed by reversing (or crossing over) the order of the wires 
inside so that it can connect two computers directly. A crossover cable looks almost exactly like a regular 
Ethernet cable (a straight-through cable), so make sure you have a crossover cable before following 
these steps. 

To reduce stress concentration, dimension from trailing edge of vanes to ring edge is extended at  

nozzle -ring gas outlet side. 

၆၀- nozzle ring မပါတဲ႔ turbocharger ၇ိွလါး။ 

၆၁-turbocharger turbine side cleaning ၇ဲ႔ wet cleaning မွာ ၂ မ်ိဳး၇ွိတယ္။အဲဒါဘါေတြလ၊ဲ 

၆၂-turbocharger bearing မွာ semi floating journal bearing ကုိဘယ္မွာသုံးလ၊ဲ anti friction bearing 
ဆုိတါကေကါဘါလ။ဲဘယ္မွာသုံးလ၊ဲfull float journal bearing ဆုိတါကေကါဘါလ။ဲ 

၆၃-turbocharger bearing ေတြလသဲင္႔ မလဲသင္႔ ဘယ္လုိဆုံးၿဖတ္မလ။ဲ 

၆၄-turbocharger wet cleaning လုပ္တဲ႔အခါ boost pressure (charge air pressure ) ကုိ ၀.၃ bar 
အထက္ထါးခိုင္းပါတယ္။အဒဲါဘါလုိ႔လ၊ဲ 

၆၅- turbocharger inboard bearing type မွာ semi floating journal bearing ဆုိတါ bearing casing ထမဲွာ 
အက်ပ၇ုိ္က္ထည္႔ထါးတါလါး။ဘယ္လိုတပ္ထါးလ။ဲ 

၆၆-turbocharger ေတြမွာ heat shield ကုိဘယ္ေန၇ာမွာတပ္ထါးလ။ဲ ဘါလုိ႔တပ္ထါးတါလဲ 

67-turbocharger တခုမွာ turbine side diffuser & compressor side diffuser ဘါကြါလဲ။ 

68- 2 stage air ejector ၇ဲ႔ condenser ကေန vacuum condenser ကိုၿပန္ပို႔တဲ႔ condensate return line steam 
separator ပိတ္သြါး၇င္ဘါၿဖစ္္မလဲ၊ 

၆၉-hydraulically operate fuel injector တခုမွာ needle lift ကဘါလို႔အေ၇းၿကီးတါလဲ။ မမွန၇္င္ဘါၿဖစ္နိုင္လ။ဲ 



70- NO x tier III ကုိ ၿပည္႔မီဘုိ႔ 4 STROKE ENGINE ေတြမွာturbocharger ေတြ၇ဲ႔ BOOST RATIO (PRESSURE 
RATIO) ၿမင္႔ဖိုလုိတယ္ဆုိတယ္။အဒဲါဘါေၿကာင္႔လ။ဲ 

71-turbocharger turbine side water wash မွန္မွန္မလုပ္၇င္ IHI RH 133 တါဘုိခ်ာဂ်ာေတြ FLOATING BEARING 
ပ်က္စီးတတ္တယ္။အဒဲါဘါေၿကာင္႔ၿဖစ္၇တါလ၊ဲ 

72-1957 CIMAC Congess in Zuerich, Switzerland တုံးက အတည္ၿပဳခဲ႔တဲ႔ miller process ကုိ အခု ေခတ္ 4 stroke 
engine ေတြမွာသုံးလါး။ သုံး၇င္ဘါအက်ိဳး၇ွိလဲ၊  

၇၃-ice class ship နဲ႔ ၇ိုး၇ုိး trade ship ၂ မ်ိဳး ၇ဲ႔ propulsion main engine ေတြဘါကြါတတလ္။ဲ 

၇၄- late combustion ေတြ။ after burning ေတြ။ CCAI မ်ားလို႔ ၿဖစ္လါတဲ႔ COMBUSTION ေတြဟါ engine ေပၚ 
thermal load ကုိ design limit ထက္ပုိမ်ားေစတယ္။အဒဲါဘါေၿကာင္႔လဲ။ 

75-အခုေနာက္ပုိင္း heavy oil နဲ႔ေမါင္းတ ဲ4 stroke engine အေတၚမ်ားမ်ား piston ring 3 ကြင္းပါတဲ႔ 3 ring pack 
ကိုအသံုးမ်ားလါၿကတယ္။ဘါေၿကာင္႔လဲ။ 

76-MC အင္ဂ်င္ေတြ MANOEUVRING လုပ္ခ်ိန္ အငဂ္်င၇္ပ္ထါးတုံး scavenge air TEMP က အင္ဂ်င္ေမါင္းေနတုံး 
scavenge air TEMP ထက္ပုိၿမင္႔တတ္တယ္။အဲဒါဘါေၿကာင္႔လ၊ဲ 

77- heating steam တခုမွာ steam trap ဘယ္ေန၇ာမွာတပ္ထါးတတ္လ။ဲဘါအတြက္တပ္ထါးတါလ၊ဲsteam trap & 
water hammer ဆက္စပ္မွဳ၇ိွလါး။ 

78-တကယ္လို႔ dual diesel cycle engine မွာ fuel injection start timing  ေစါေပး၇င္ NOx တက္မလါး။ နသဲြါးမလါး။ 

79- viscosity 700 cst ၇ွိ hfo နဲ႔ေမါင္းတဲ႔ 4 stroke engine နဲ႔ ဒီဇယ္နဲ႔ေမါင္းတဲ႔ 4 stroke အင္ဂ်င္ဘယ္ဟါ က inlet 
valve ပိတ္တါေစါမယ္ထင္လဲ

80- 4 stroke engine ေတြမွာ inlet valve ပိတ္တဲ႔အခ်ိန္ေတြဟါ 20’ ABDC, 10’ABDC, 5’ABDC, စသၿဖင္႔ 
အမ်ိဳးမ်ိဳးထါးၿကတယ္။ဘါလို႔အဲဒီလိုအမ်ိဳးမ်ိုဳးၿဖစ္ေနၿကတါလ၊ဲ 

၈၁- UNIFLOW SCAVENGE 2 STROKE ENGINE မွာ MILLER PROCESS သံုးလို႔၇လါး။ 

82-MC Engine ေတြမွာ aux blower က တါဘိုခ်ာဂ်ာအ၀င္က ေလယူၿပီး air cooler ကိုမၿဖတဘ္ ဲ
အင္ဂ်င္ဆီပို႔တယ္။အဒဲိလုိလုပ္ထါးလုိ႔ ဘါအက်ိဳးအၿမတ္ေတြ၇လါလ။ဲ 

၈၃-4 stroke engine ေတြမွာ piston pin ကုိ Piston boss bearing & connecting rod small end bearing 
ေတြမွာထည္႔ၿပီး circlip နဲ႔ဖမ္းထါးတါကုိ ဘယ္လုိေခၚလ၊ဲ 

၈၄-cummin KTA 19 Engine ေတြ၇ဲ႔ fuel pump ကေန fuel valve ကိုသြါးတဲ႔ fuel pipe ေတြမွာ double wall pipe 
တပ္စ၇ာမလုိဘူး။ဘါေၿကာင္႔လ ဲ

၈၅-2 stroke engine & 4 stroke engine ဘယ္ဟါက Pmax ပုိမ်ားတတ္လဲ၊ဘါေၿကာင္႔လ။ဲ 

၈၆- 2 stroke engine ၇ဲ႔ thermal efficiency က limit ၇ိွလါး။၇ွိတယ္ဆိုဘါေတြက limit လုပ္ထါးတါလဲ။ 



88-output ၿခင္းတူတဲ႔ 2stroke engine exh temp က 4stroke engine exh temp 
ထက္နတဲယ္။အဒဲါဘါလုိလ။ဲအလဲိုနေဲတါ႔အင္ဂ်င္၇ဲ႔  thermal efficiency ေပၚဘယ္လုိသက္ေ၇ာက္မုွ၇ွိလ၊ဲ 

၈၉-mc engine မွာ over critical running နဲ႔ under critical running ဆုိတါဘါလ၊ဲQPT ဆုိတါကေကါဘါလ။ဲ 

90-MC Engine VIT System မွာ upper break point, lower break point ဆုိၿပီး၇ွိတယ္။အဒဲါဘါလုိ႔ထါး၇တါလ။ဲ 

91-4 stroke engine & 2 stroke engine ေတြမွာ ဘယ္ဟါက mep (mean effective pressure ) & Pmax 
ပုိမ်ားတတ္လ။ဲဘါေၿကာင္႔လ၊ဲ 

92-dual diesel cycle thermal efficiency မွာပါတဲ႔ cut off ratio, constant volume pressure ratio 
တို႔ဆုိတါဘါလ။ဲန၇ဲင္ဘါၿဖစ္လဲ။ မ်ား၇င္ဘါၿဖစ္လ။ဲ 

92-NOx ေလ်ာ႔ဖုိ႔အတြက္ 4 stroke engine ေတြမွာ Compression ratio ကုိတင္လါး။ခ်လါး။အလုိဲလုပ္ခဲ႔၇င္ cut off 
ratio & constant volume pressure ratio ေပၚဘါအက်ုိဳးသက္ေ၇ာက္လ။ဲ 

93-ေနာက္ပုိင္း 4 stroke diesel engine ေတြမွာ compression ratio တင္ၿပီး injection pressure ကုိပါ 
တင္ၿကတယ္။အဲဒါဘါေၿကာင္႔လ၊ဲcut off  

၉၄-VIBRATION အမ်ိဳးမ်ိဳး၇ွိတဲ႔အထမဲွာ ဘယ္ VIBRATION ေတြက အင္ဂ်င္ကိုတုိက၇္ိဳက္ထိခိုက္ေစၿပီး ဘယ္ 
VIBRATION ေတြက SHIP STRUCTURE ကုိပုိထိခုိက္ေစလ။ဲ 

၉၅- CENTRIFUGAL PUMP IMPELLER & SHAFT အတြလဲိုက္ကုိ သံဘါ္းတန္း ၂ ခုၿကားထါးၿ႔ပီး 
လွည္႔တါအၿမတဲန္းတေန၇ာတည္းမွာ လည္တါ ၇ပ္ ၇ပ္သြါးတယ္။အဒဲါဘါေၿကာင္႔လ။ဲ 

96- steam atomizing hfo burner တခုဟါ  air fuel ratio ကို hfo pressure & combustion air pressure 
နဲ႔ခ်ိန္ထါးတယ္။တကယ္လုိ႔ အဒီဲ burner ကုိ mgo ေၿပာင္းသုံး၇င္ ဘါေတြေၿပာင္းေပး၇မလ၊ဲဘါေၿကာင္႔လ။ဲ 

သူနဂို COMBUSTION AIR PRESSURE နဲ႔ တြဲထါးတဲ႔ HFO PRESSURE ကုိေလ်ာ႔ေပး၇မယ္။ MGO က S.G နလုိဲ႔။ 

ေနာက္ၿပီး ATOMIZING STEAM အစါး ATOMIZING AIR ကုိေၿပာင္းသံုးသင္႔တယ္။အခ်ိဳ႔ STEAM ATOMIZING 
BURNER ေတြက STEAM & HFO LINE ၿကားမွာ INSULATION လုပ္မထါးလုိ႔ MGO ကုိ HEATING 
ေပးသလုိၿဖစ္ေနလိမ္႔မယ္။ 

100- steam atomizing hfo burner သံုးဘုိြင္လါမွာ rar 7 သံုးထါးတဲ႔ flame eye ကို hfo ကေန mgo ေၿပာင္းသံုး၇င္ 
ေၿပာင္းစ၇ာလိုလါး။

3. started automatically upon failure of the electrical supply from the main source of electrical power 
and shall be automatically connected to the emergency switchboard; those services referred to in 
paragraph 4 shall then be transferred automatically to the emergency generating set. The 
automatic starting system and the characteristic of the prime mover shall be such as to permit the 
emergency generator to carry its full rated load as quickly as is safe and practicable, subject to a 
maximum of 45 s; unless a second independent means of starting the emergency generating set is 
provided, the single source of stored energy shall be protected to preclude its complete depletion 
by the automatic starting system 



100- black out ၿဖစ္၇င္ emergency generator ေတြ ဘယ္အခ်ိန္အတြင္းသူ၇ဲ႔ rated load ကို CARRY လုပ္၇မလဲ။ အခ်ိဳ႔က 
အဒီဲအခ်ိန္ကုိၿမန္နုိင္သေလါက္ၿမန္ေအါင္ ခ်ိန္ၿကတယ္။အခ်ိဳကလ ဲအဒဲီ အခ်ိန္ ကို MAX နီးပါး 
္ေလါက္ခ်ိန္ၿကတယ္။ဘါလို႔အလဲိုခ်ိန္ၿကတါလ။ဲ

၁၀၁- EMERGENCY SWITCH BOARD မွာ ENGINE ROOM FAN တလုံး ၇ဲ႔ BREAKER ပါတတ္တယ္။ အဒဲါဘါအတြက္လဲ၊ 

Tier III  

5.1. Subject to regulation 3 of this Annex, the operation of a marine diesel engine that is installed on a 
ship constructed on or after 1 January 2016:  

.1. is prohibited except when the emission of nitrogen oxides (calculated as the total weighted emission 
of NO2) from the engine is within the following limits, where n = rated engine speed (crankshaft 
revolutions per minute):  

.1.1 . 3.4 g/kWh when n is less than 130 rpm;  

.1.2 . 9 · n(-0.2) g/kWh when n is 130 or more but less than 2,000 rpm; and  

.1.3 . 2.0 g/kWh when n is 2,000 rpm or more;  

The New MAN B&W 48/60B Engine –The Allure of Power by Horst W. Koehler, MAN B&W Diesel 

Introduction 

The current basic state -of-the-art family of MAN B&W’s large medium -speed diesel e ngines consists of 
four sizes L 58/64, L/V 48/60, L 40/54 and L/V 3 2/40, launched b etween 1985 and 1995. This engine 
family covers an output range from 2880 kW (6L 32/40) to 18,900 kW (18V 48/60). Within the last few 
years, this portfolio has been supplemented by the V 40/50, the smaller engine sizes L 16/24 and L 
27/38,  and, f i nally, the new L 21/31 (2002/03). All engines are fully heavy fuel oil compatible and have 
been opti mised for both high fuel economy and lowest exhaust gas emissions. It goes without saying 
that they all meet the IMO emission limits by engine-internal measures, i.e. without need to have any 
external equipment. 

MAN B&W decided to retain the main dimensions, bore and stroke, of the 48/60 and with it many proven 
engine subgroups, whilst modifying and changing a variety of other key engine components. 

In order to illustrate the relationship of the new engine to its immediate predecessor, it is named 48/60B 
(Fig. 3). Its rating is set at 1200 kW per cylinder at 500 and 514 rpm, respectively (Fig. 4). This is equal 
to an increase of 14% over the current nominal ou t put of the 48/60 engine 



Apart from the higher cylinder output, a number of further important design targets were defined for the 
48/60B, among others 

·  Increase in engine efficiency (corresponding to fuel savings and, correspondingly, a lower carbon 
dioxide emission) 

·  Environmental friendliness in respect of other pollutants, such as smoke a nd nitrogen oxides 

·  Reduction in engine width and, consequently, in centre- to-centre distance in order to reduce the gear 
size (double engine -single shaft propulsion) and/or total engine width for compact multi -engine 
arrangements 

·  Improvement of the operational and component reliability 

·  Increased ease of maintenance 

·  Improved robustness and simplicity 

·  Reduction in weight-to -power ratio (particular attention was given to obtaining lower weights for all 
engine components) 

·  Reduction of manufacturing costs by applying improved design features and a lower number of engine 
components and parts. 

These are quite ambitious goals, especially considering the trade-off effects involved, for i nstance the 
trade-off (exchange between )between higher power density, simplicity of the engine and ease of 
maintenance, or the trade-off between increased thermal engine efficiency and lower NOx and smoke 
emi ssions 

1.  Adoption of a “slight” Miller process to lower combustion temperature levels, and, with them, NOx 
emission. This process, first publicly presented in 1957 d uring the CIMAC Congess in Zuerich, 
Switzerland, is based on an earlier closing of the inlet valves. The original intention of the Miller process 
was to limit thermal and mechanical engine loadings, which rise sharply with increasing power density of 
the engines. The Miller process is also a well -known tool for e n gine designers to reduce fuel 
consumption rates, provided an appropriate matching of the turbocharger is possible. Compared with the 
normal working process, the Miller process requires high -efficiency, high -pressure exhaust -gas 
turbochargers, because otherwise the e f fect on engine operation would be just the opposite. 

2.  Increase in injection intensity for lower soot production and therefore lower smoke emissions, 
especially at partload. Unfortunately,this measure has a negative effect on NOx emission. In order to 
neutralise the increase in NOx emission, the injection can be retarded, although this leads to a higher fuel 



co n sumption rate and increased particle emission. Another effect of the delayed i n jection is a lower 
firing pressure. 

3.  To neutralise the fuel consumption disadvantage resulting from step (2), it is necessary to take 
advantage of the firing pressure potential of the engine. Therefore a higher compression ratio has been 
ch osen for the 48/6 0B.  

4.  Use of the considerably increased efficiency level of the newly designed MAN B&W TCA-type 
turbocharger so that the resultant fuel savings from steps (1) to (3) exceeded the fuel losses involved in 
(1) to (3). 

The slightly increased compression ratio of the 48/60B has another beneficial effect: it improves the 
ignition behaviour of lowest -quality heavy fuel oils. The 48/60B can ther efore safely o perate wi th HFO 
up to a viscosity of 700 cSt/50°C and runs on fuels up to, and inclu ding, the CIMAC H55/K55 
specifications. 

The firing pressure of the 48/60B was increased to a maximum of 200 bar. This, in co nnection with other 
measures such as modified injection (the injection pressure was i ncreased from 1300 bar for the 48/60 
to 1600 bar) and a further i mproved gas exchange process, resulted in a process very close to the ideal 
constant -pressure combu stion.  

The higher firing pressure was possible without risking  the operational safety of the e ngine: to have the 
same safety margins as the 48/60 in spite of a higher mechanical loading, better materials were used 
and/or components strengthened 

 As the low speed main engines are directly coupled to the propeller, the engine has to follow the 
propeller performance, i.e. also in heavy running propeller situations. For this type of operation, there is 
normally enough margin in the load area between line 6 and the normal torque/speed limitation line 4, 
see Fig. 2.04.01. To the left of line 4 in torque rich operation, the engine will lack air from the 
turbocharger to the combustion process, i.e. the heat load limits may be exceeded and bearing loads 
might also become too high. 

For some special ships and operating conditions, it would be an advantage when occasionally needed  to 
be able to operate the propeller/main engine as much as possible to the left of line 6, but inside the 
torque/speed limit, line 4. 

Such cases could be for: 

• ships sailing in areas with very heavy weather 

• ships operating in ice 



• ships with two fixed pitch propellers/two main engines, where one propeller/one engine is declutched 
for one or the other reason 

Hydrocarbons can be burnt under a wide range of conditions. To burn them efficiently with the lowest 
possible emissions, in particular of NOx, Wärtsilä developed a Low NOx combustion process which 
reduces the NOx level by up to 25-35 % without compromising on thermal efficiency. Low NOx 
combustion is based on: 
An high compression ratio that therefore gives an higher combustion air temperature at the start of 
injection, which drastically reduces the ignition delay 
A late start of injection and shorter injection duration to place combustion at the optimal point of the 
cycle with respect to efficiency 
Improved fuel atomization and matching of combustion space with fuel sprays to facilitate air and fuel 
mixing 
An early inlet valve closing (Miller timing) 
Further reduction of NOx is achievable by Direct Water Injection. NOx can be reduced up to 5 g/kWh of 
NOx . Direct Water Injection does not adversely affect the power output and it can be switched on and 
off at any time without affecting the engine operation. A Selective Catalytic Reduction (SCR) system can 
be installed to further reduce the NOx level 
Piston and piston rings  
For years, the outstanding piston concept for highly rated heavy fuel engines has been a rigid composite 
piston with a steel crown and nodular cast-iron skirt. More than twenty years of experience has fine-
tuned the concept. When it comes to reliability, there is no real alternative today for modern engines with 
high cylinder pressures and combustion temperatures. Wärtsilä-patented skirt lubrication is applied to 
minimize frictional losses and ensure appropriate lubrication of both piston rings and the piston skirt. 
In Wärtsilä’s three-ring concept each ring has a specific task. They are dimensioned and profiled for 
consistent performance throughout their operating lives. To avoid carbon deposits in the ring grooves of 



a heavy fuel engine, the pressure balance above and below each ring is crucial. Experience has shown 
that this effect is most likely achieved with a three-ring pack. Finally, it is well known that most frictional 
losses in a reciprocating combustion engine originate from the rings. Thus a three-ring pack is the 
obvious choice in this respect, too. The piston ring package and ring grooves are optimized for long 
lifetime by special wear-resistant coating and groove treatment. 

Oil flow connecting rod 

Via a "cross-over" (15) in the crankshaft the oil flows from the main bearing journal to the crankpin journal and 
big end bearings. 

Via large size holes the oil flows into a circumferential groove (16), see fig. 1.2 - 4 , in the bearing cap and partly 
in the upper part of the connecting rod big end. The oil is conducted through a vertical drilling in the connecting 
rod up to the gudgeon pin bearing (17). 



Oil flow piston 

Through holes in the middle of gudgeon pin the oil enters a distribution space and leaves through holes at both outer 
ends. See fig. 1.2 - 5 . 



Oil is discharged into 4 vertical drillings in the piston skirt (20), see fig. 1.2 — 6 . At the end 
of the vertical drillings the lubricating oil flow is restricted by orifices (19) to control the quantity of 
oil for piston crown cooling. 

Four horizontal spray holes take care of lubrication of liner, piston skirt and piston rings 
during engine operation. The flows are restricted by orifices (18). The excess of 
lubricating oil on the liner is scraped off by a scraper ring and drained via a groove, below 
the scraper ring, through holes in piston skirt down into the crank case. 

After passing the restrictions in top of the piston skirt the lubricating oil enters the outer 
space (21) of the piston crown. The outer space is separated from the center space by 
a rim in which two horizontal grooves at certain height. Due to these grooves the 
outer crown space is always partly filled with oil. 

During the up and down stroke of the piston the lubricating oil is shaken and increased in 
speed, intensively cooling the piston crown. The displaced oil flows to the center 
section (22) of the piston crown. A second shaker action takes place cooling the center of 
the crown. After cooling down the piston the lubricating oil flows to the engine sump. 

 governor

Reports from the field repeatedly show that operating faults frequently result from  the following causes:  
1. Dirty injection pump fuel linkage  
2. Excessive play in the bearings of the fuel control shaft  
3. Sluggish fuel control shaft  
4. Worn ball joint heads  
5. Excessive play between the governor output shaft and the fuel control shaft  
6. Excessive play between the fuel pump control shaft or speed control  output shaft and teletransmitter  
7. Engine lubricating oil in the speed governor due to a faulty shaft seal (mechanical speed governors or 
mechanically operated actuators only).  
8. Failure to comply with the intervals for changing the governor oil  
9. Failure to comply with the required intervals for maintaining the governor (only with mechanical speed 
governors or mechanically driven actuators) 
10. Faulty connectors and/or cables  



Q.261 Concerning diesel propelled vessel the astern power is provided for continuous operation astern 

Ans. (b) at 70% of ahead rpm at the rated speed. 

Most of the diesel engines are designed from the point of view of running ahead. The fuel pump timing, the exhaust valve timing and 
the distribution of the weight of the rotating parts is made in such a way that there is a balance in ahead direction. Hence the best 
possible efficiency of the engine as far as fuel is concerned is in the ahead direction due to proper timing for the exhaust and fuel 
valve. At the same time, there is minimum torsional vibration because of dynamic balancing which is taken care off at the design 
stage from the point of view of ahead running. If the engine is runned at astern direction, the combustion efficiency reduces. At the 
same time, because of unbalanced forces, there will be more amount of vibration. Due to profile of the ship and the efficiency of the 
propeller, for the same rpm, the power required for running astern is always more than that of what is required for running ahead. If 
the engine is runned at 100% rated rpm in the astern direction it may be excessively overloaded. Hence it is always provided to give 
astern power at 70% of ahead rpm at the rated speed      

Q.655 Visual inspection of fuel injector valve removed during overhaul shows heat discoloration of lower end of the valve. 
This is indicative of  

 Ans. (a) valve leakage. 

Fuel injector valve is a non-return valve and it seals the nozzle against the high temperature and high-pressure gases. When the 
fuel injector needle valve is leaking, high temperature gases from the cylinder will enter the nozzle because of which the nozzle will 
get overheated and it will get discolored. 







Steam atomizing burner – hfo to mgo change over

အမွန္တကယ္ SECA မွာသံုးဖုိ႔ ထုတ္ထါးတဲ႔ STEAM ATOMIZING BURNER ေတြကုိ MGO ေၿပာင္းသံုး၇င္
သိပ္ၿပသနာမ၇ွိေပမဲ႔ only hfo သုံးဖို႔ထုတ္ထါး၇င္ ၿပသနာ၇ွိနိုင္ပါတယ္။ 

ၿပသနာေတြထဲမွာ fuel oil temp limit switch ကလဲၿပသနာတခုပါဘ။ဲ 

ေနာက္ၿပီးေတါ႔အေတၚမ်ားမ်ား steam atomizing burner lance ေတြက fuel line က အၿပင္က ။ steam line က 
အထဲက လုပ္ထါးပါတယ္။ ၿကားထမဲွာ insulation မ၇ွိတတ္ပါဘူး။ဒါေၿကာင္႔ အဲဒီ lance မွာတင္ mgo 
ကုိအပူေပးသလုိၿဖစ္ၿပီး vapourize ။ overheat ၿဖစ္တတ္ပါတယ္။အဒဲါဆုိ nozzle tip မွာ ဂ်ိုဳးေတြ။ပိတ္နိုင္ပါတယ္။ 

ေနာက္တခုက mgo S.G က HFO S.G ထက္နေဲတါ႔ BURNER မွာ၇ိွတဲ႔ OIL PRESSURE ၿခင္းတ၇ူင္ေတါင္ MGO 
VOLUME က ပိုမ်ားလို႔ OVERFIRE ၿဖစ္မဲ႔ေဘး ၇ွိပါတယ္။အဒဲီေတါ႔ ကုိယ္႔ဘုိြဳ င္လါ၇ဲ႔ burner specification သုိ႔
ဂ၇ပ္ကိုၿကည္႔ပါ။တကယ္လို႔ pressure နဲ႔ ဂ၇ပ္မွာ ၿပထါး၇င ္ဂ၇ဳစုိက၇္ပါမယ္။နဂုိခ်ိန္ထါးတါနဲ႔ဆုိ ဆိပုိေကြ် းေနလုိ႔
မီးခိုးလုိက္လါပါမယ္။ ဒါဆုိ ေလကုိမတင္ပါနဲ႔။ overfire ဆုိတဲ႔ မီးေတါက္ကtube ေတြကုိတုိက္၇ိဳက္ထိတတ္ပါတယ္။ 
ၿပီးေတါ႔ furnace temp ပုံမွန္ထက္ပိုတတ္ပါတယ္။ ဆီကုိ ေလ်ာ႔ပါ။ mgo ေတြလိုင္းထ ဲမွာ ေ၇ာက္ၿပီ။ hfo 
မ၇ွိေတါ႔ဘူးဆုိ၇င္ atomizing steam အစါး atomizing air ကုိေၿပာင္းသုံးပါ။ ပုံမွန္အါးၿဖင္႔ atomizing air / atomizing 
steam pressure ဟါ ၅.၅ ဘါးေလါက၇ွိ္တတ္ပါတယ္။ 

ဒါေပမဲ႔ ေနာက္ပိုင္း seca ကုိ၇ည္ညြန္းထုတ္ burner ေတြက pressure control burner မဟုတ္ဘ ဲvolume control 
BURNER ေတြ ၿဖစ္တတ္ပါတယ္။ ဒါဆိ၇ုင္ သိပ္ၿပသနာမ၇ွိပါဘူး။ 

Boilers ေတြမွာ mgo ေၿပာင္းသုံး၇င္ ၿဖစ္တတ္တဲ႔ ၿ႔ပသနာေတြက အထူးသၿဖင္႔ steam atomizing hfo burner 
ေတြမွာဆုိ၇င္ ၁-Formation of sludge   ၂- Seepage of fuel from pipe flanges (flange ေတြမလုံဘစဲိမ္႔တါ)  ၃-
Loss of flame and/or no ignition due to overfeeding of MGO ( mgo က ထုထည္ပိုမ်ားလို႔ overfeeding 
ၿဖစ္တါ)၄-Pulsating combustion ( combustion hunt ၿဖစ္တါ) ၅-MGO burner flame will be harder to detect  ( 
အခ်ိဳ႔ flame detector ေတြ detect မလုပ္န္ိုင္လို႔ flame failure ၿဖစ္တါ) စတါေတြၿကုံတတ္ပါတယ္။ ` 

Heat value - ဒီဇယ္၇ဲ႔ heat value က hfo heat value ထက္ပိုမ်ားပါတယ္။ အဒဲါေၿကာင္႔ grey smoke ထြက၇္င္ air / 
fuel ratio ကုိၿပန္ခ်ိန္သင္႔ပါတယ္။MGO flame ဟါ  exhaust gas temperature ပုိမ်ားနိုင္ပါတယ္။Monitoring လုပ္ပါ။  

Viscosity - ဒဇီယ္၇ဲ႔ viscosity က ပိုနိမ္႔လို႔ သူသံုးနိုင္တဲ႔ viscosity နိမ္႔၇င္ fuel pump ေတြပ်က္စီးနိုင္ပါတယ္။ ဒါေၿကာင္႔
heater bypass လုပ၇္င္လုပ္။ဒါမွမဟုတ္ heating valve ပိတ္ပါ။ 

High gas temperature in MGO mode resulted in 

outside shell deformation and cracking.( limit the 
boiler load for safe operation to 75% of HFO 
capacity) ၇၅% load ထက္ပိုမသံုး၇င္အေကါင္းဆံုးပါ။ 



Density - ဒီဇယ၇္ဲ႔ density က hfo ထက္နဲလုိ႔ burner ကိုသြါးတဲ႔ amount of (lighter) fuel  
ကဒီဇုိင္းထက္ပိုမ်ားနိုင္ပါတယ္။ဒါေၿကာင္႔ ignition problems or increased smoke emission ၿဖစ္နိုင္ပါတယ္။ဒါေၿကာင္႔
volume calculation ကုိၿပန္တြက္ပါ။ 

Lubricating properties - ဒီဇယ္က hfo ထက္ lubricating properties နိမ္႔ပါတယ္။  hydrodynamic lubrication ဟါ 
Sommerfeld number ေပၚမူတည္လုိ႔ So = f (v) x k ဒီပုံေသနည္းနဲ႔ အခ်ိ ႔ဳပန္ေတြသုံးနုိင္မသုံးနုိင္စစ္ပါ။ၿပီးေတါ႔ hfo 
သံုးဘိြဳ င္လါေတြ၇ဲ႔ fuel circulating pump ေတြဟါေတါက္ေလ်ာက္လည္တါမ်ားပါတယ္။ ဒီဇယ္သုံးလုိ႔ 
အလုိဲေတါက္ေလ်ာက္လည္ေန၇င္ အပူခ်ိန္တက္ၿပီး viscosity က်ကါ ပန္႔ wear & tear ၿဖစ္တတ္ပါတယ္။တကယ္ကေတါ႔
boiler ၇ပ္တဲ႔အခ်ိန္ ပန္႔၇ပ္ေန၇င ္အေကါင္းဆံုးပါဘ။ဲေနာက္ၿပီး mechanical seal မဟုတ္ဘ ဲmagnetic coupling pump 
ေတြကုိသုံးထါးတဲ႔ ပန္႔ေတြသုံး နုိင္၇င္ပုိေကါင္းပါတယ္။ 

Fuel pipe tracing - ဒီဇယ္သုံး၇င္ TRACING LINE HEATING ကုိပိတ္ထါးပါ 

 MGO သုံးခဲ႔၇င္ furnace post-purge လုပ္ကုိလုပ္ေပး၇ပါမယ္။ေနာက္ၿပီး ပန္႔အေတၚမ်ားမ်ားက ၄.၅ Cst 
အတြက္ၿဖစ္တါကိ ုဂ၇ဳစိုက၇္ပါမယ္။ 

Pressure jet burner ေတြက small boiler ေတြမွာ အသုံးမ်ားၿပီး mdo, mgo, hfo အတြက္ 
လြယ္လြယ္ကူကူေၿပာင္းသုံးနုိင္တါမ်ားပါတယ္။ 

Throughput = lower calorific value x efficiency  x pressure facture 

Pressure facture = burner fuel pump pressure/( CEN ဆုိ 10 BAR,US gal ဆုိ 7 bar) 

အေပၚပုံေသနည္းအ၇ဆိ၇ုင္ေတါ႔ lower calorific value ေၿကာင္႔ heat ပိုထုတ္နိုင္ပါတယ္။ ဒါေပမဲ႔ viscosity နိမ္႔လို႔
nozzle ကုိ fuel input ပုိမ်ားလါလုိ႔ smoke emission ပိုမ်ားလါနုိင္ပါတယ္။ 

Rotary cup burner  - ဒီေကါင္ေတြက MDO, MGO, HFO နဲ႔ေၿပာင္းေမါင္းလုိ႔သိပ္ၿပသနာမ၇ိွတတ္ပါဘူး။ smoke free 
ၿဖစ္ဖို႔ လုိသလုိ fuel amount ( pressure) ကုိခ်ိန္ေပးပါ။အေကါင္ၿကီး၇င ္ larger burner ဆုိ၇င္ေတါ႔  suitable heat 
shield မတပ္ေပးခဲ႔၇င္ burner cup မွာ coke deposit ေတြကပ္တတ္ပါတယ္။ ( ဒီဇယ္ရဲ႔  heat radiation က 
ဒီဇိုင္းထက္ပုိမ်ားလုိ႔  rotary cup ထမဲွာ  too high temperature of the fuel ေၿကာင္႔ coke ေတြၿဖစ္လါတါပါ) အခ်ိဳ႔
burner sequence ေတြမွာ pilot flame မၿဖစ္၇င္ lock down ၿဖစ္ေအါင္ လုပ္ထါးေပမဲ႔ အခ်ိဳ႔မွာ pilot flame မၿဖစ္လ ဲ
sequence ဆက္သြါးေအါင္လုပ္ထါးတတ္ပါတယ္။ ဒါဆုိ easier evaporation of lighter fuels ေၿကာင္႔  safe မၿဖစ္ပါဘူး။ 

ေဘးက sequence ဆိ၇ုင္ ေကါင္းပါတယ္။ pilot 
pump start, igniter start, pilot burner d.o 
valve open ၿဖစ္ေပမဲ႔ pilot flame မေတြ႔၇င ္main 
f.o valve မဖြင္႔ေပးပါဘူး။ 



Steam atomizing burner - ပုံမွန္အါးၿဖင္႔ အဒဲ ီburner ေတြ၇ိ ွburn fuel viscosity က ၁၅-၃၀ Cst 
ေလါက၇ွိ္ပါတယ္။တကယ္လို႔ pressure alone control burner ေတြကုိ low viscosity fuel ဒီဇယ္ေက်ြးခဲ႔၇င္ overfire 
ၿဖစ္တတ္ပါတယ္။volumatric control ဆုိ၇င္ ၿပသနာမ၇ိွပါဘူး။ pressure control ဆိ ုဆီေက်ြးပမါဏကုိေၿပာင္းေပးပါ။ 
ဒီဇယ္နဲ႔  continuous operation လုပ္ခဲ႔၇င္ atomizing air ကိုေၿပာင္းသုံးပါ။ burner traditional lance ေတြမွာ steam 
က ဒီဇယ္ကိ ုအပူေပးသလုိၿဖစ္ေနလုိ႔ပါ။ တကယ္လုိ႔ evaporation ၿဖစ္ခဲ႔လုိ႔ ignition burner မစဘ ဲignite 
ၿဖစ္နုိင္ပါတယ္။ ေနာက္ၿပီးburner ကုိေပးတဲ႔ atomizing steam က  constant pressure steam ၿဖစ္ခဲ႔၇င္ low load မွာ 
unstable combustion ၿဖစ္တတ္ပါတယ္။ 

ေနာက္ပိုင္း  Steam atomized burner lance ေတြမွာ atomization (compressed air and steam) ေပၚတည္ၿပီး  
burner lance design ေၿပာင္းပါတယ္။ဒီဇယ္နဲ႔ေမါင္းဖို႔ internal volume ကိ ုabsolute minium ၇ေအါင္
ဒီဇို္င္းဆြထဲါးတတ္ပါတယ္။တကယ္လုိ႔ steam ကုိ atomizing media အၿဖစ ္ဒီဇယ္ဆီအတြက္သုံးမယ္ဆို lance ထဲမွာ၇ိွ
steam piping ကုိ  preheating မၿဖစ္ေအါင ္insulate လုပ္ပါတယ္။ၿပီးေတါ႔  Post purge sequence ကုိ 
ဒီဇယ္ဆီသုံး၇င္ထည္႔ကုိထည္႔ေပး၇ပါမယ္။ဒါဆုိ၇င္ေတါ႔ steam atomizing နဲ႔ mgo သုံးနုိင္ပါတယ္။ 

 Flame supervision - အခ်ို ႔ဳ ဘိြဳ င္လါေတြမွာ flame scanner ကုိ တခုထည္းတပ္တတ္ပါတယ္။ ignition burner 
အတြက္မပါတတ္ပါဘူး။အဲဒါမ်ိုဳးဆုိ ignition burner အတြက္ flame scanner တခုထပ္တပ္ေပးသင္႔ပါတယ္။ Siemens 
(Landis&Gyr) RAR7(obs), RAR8(obs), RAR9, QRC,Hamworthy Smartscan 121, SAACKE FLS09-UV, SAACKE  
FLS07(obs), SAACKE FLS08(obs), Volcano/MHI „SI“-type စတါေတြက mgo ေၿပာင္းသုံးလအဲလုပ္လုပ္ပါတယ္။
Siemens (Landis&Gyr) QRB, SAACKE FLS09-IR, Volcano „cds“-type ေတြဆုိ၇င ္ဒီဇယ္ေၿပာင္း၇င္ သုံးမ၇ပါဘူး။

F l am e  e y e - flame eye ေတြကို  air register မွာ၇ိ ွpeep hole မွာတပ္တတ္ပါတယ္။သူက  burner flame 
condition ကုိ electric signal အၿဖစ္ေၿပာင္းေပးပါတယ္။light of the flame က  photoconductive cell, cds ကို
လါ၇ိဳက္တဲ႔အခါ ( cds = cadomiumsulfide ဆုိတဲ႔ semiconductorတမ်ိဳးပါဘဲ) သူ႔၇ဲ႔  electric 
resistanceေလ်ာ႔ပါတယ္။ intensity of light မ်ားေလ ခုခံမွဳေလ်ာ႔ေလပါဘဲ (10 K-ohm or 500 ohm for the 
intensity of light of 10 or 1,000 lux) 

Flame detector re lay-flame eye မွာ silicon type transistor ပါၿပီး flame eye ကလါတဲ႔ signal နဲ႔ relay 
ကုိအလုပ္လုပ္ပါတယ္။flame eye ခုခံမုွ ၅၀၀ ကီလုိအုမ္းထက္မ်ား၇င္အလုပ္မလုပ္ပါဘူး။flame eye က 
မီးကိုေထါက္လွမ္းမိလုိ႔ ၁၀၀ ကီလုိအုမ္းထက္နခဲဲ႔၇င္ flame detector relay ကပ္ပါမယ္။

Steam atomizing burner, concentric lance, with volumetric 
flow control. Stable minimum load on MGO/Steam 
atomizing. ( stable flame ဆိုတါေဘးကပံုလုိ) 



အေပၚကဂ၇ပ္က steam atomizing hfo pressure control Y jet atomizer အတြက္ ဂ၇ပ္ၿဖစ္ပါတယ္။ 

HAMWORTHY COMBUSTION DF 455 burner ( mgo ေၿပာင္းသုံး၇င္ fuel feed 
တန္ဖိုးေတြၿပန္ခ်ိန္သင္႔ၿပီး air atomizing ေၿပာင္းသုံးသင္႔ပါတယ္။)



KBSD Burner က hfo or mgo ကုိ steam automizing သံုး volume control burner ၿဖစ္ပါတယ္။ AALBORG 
SUNROD MISSION™ OL Atomiser- The KBSD burner ၇ဲ႔  atomizer ဟါ  Y-jet design ၿဖစ္ပါတယ္။seca 
အတြက္ထုတ္ထါးတါမုိ႔ insulation ေတြ။min oil amount ေတြ။ဒီဇုီင္းလုပ္ထါးလုိ႔   oil ကိ ုsteam or air နဲ႔ atomize 
လုပ္နုိင္ပါတယ္။  oil pressure ဟါ  atomisation qualityကုိထိန္းတဲ႔ေန၇ာမွာသိပ္အေ၇းမပါပါဘူး။ဘါလုိ႔လဲဆုိေတါ႔
volume control Y jet atomizer ၿဖစ္လုိ႔  oil flow regulation က  flow measurement နဲ႔ထိန္းပါတယ္။ဒါေၿကာင္႔လဲ
atomisation quality က burner turn down range တေလ်ာက(္ pressure  between 2 and 20 bar) 
မွာတည္ၿငိမ္ေနပါတယ္။(အေပၚက DF 455 ဂ၇ပ ္မွာ ဆုိ Pressure ေပၚတည္ၿပီး hfo flow rate 
ေၿပာင္းေနပါတယ္။)ဒါေၿကာင္႔လ ဲ excess air ratio ကိ ု 1.1 (at full load )။ minimum load မွာ 1.27 
ေလါက္ဘၿဲမွင္႔တင္စ၇ာလုိပါတယ္။ oil capacity ကုိ  number and bore of discharge ports in the atomise 
ေပၚတြက္ပါတယ္။ 

Steam atomizing hfo burner တခ ုလုိအပ္တဲ႔ pressure setting ေ၇ာက္လုိ႔မီးထုိးတါ၇ပ္၇င္ burner ထဲက်န္တဲ႔ hfo 
ေတြအပူေၿကာင္႔ ဂ်ိဳးကပ္မွာကါကြယ္တဲ႔အေနနဲ႔ purge လုပ္ပစ္၇ပါတယ္။ အဲဒါေၿကာင္႔ extinguish sequence မွာ burner 
purge ပါပါတယ္။ 

Step 1 Extinguish Sequence Start - Burner extinguish sequence is started by automatic or manal start 
request. During extinguish sequence. this indication is reversed. 

Step 2 Fuel Oil Valve Close - Fuel oil valve is closed. 

Step 3 Pilot Pump Start - Pilot pump start. 

Step 4 Pilot Burner Igniter Spark - Pilot burner igniter spark start. 

Step 5 Pilot Burner Solenoid Valve Open - Pilot burner solenoid valve open. 

Step 6- Burner Purge Sequence- After pilot burner successfully ignited. burner purge valves are opend 
for 30 secondes to remove remaining fuel oil in burner sprayer.If pilot burner does not ignited, this 
sequence is jumped 

Step 7 After Furnace Purge Sequence - After Furnace purge is carried out. 

DF 455 Burner မွာ ၅၇% load မွာ air1.3 , 90% 
load မွာ air 2 ေလါက္လုိတါေတြ၇ပါမယ္။pressure 
နဲ႔လိုက္ၿပီး့h့fo flow ေၿပာင္းလို႔ပါ။ 



Step 8 After Furnace Purge Condition-Following furnace purge conditions must be confirmed.Forced 
draft fan running, Furnace purge air flow (>150mm Aq) 

If these conditions does not established, extinguish sequence will be held at this condition, and this 
indication keept blinking. And 5 minuts later after furnace purge will finish even if these condition is not 
confirmed.When all furnace puge conditions are confirmed, this indication is reversed. 

After furnace purge timer is activated. 
Step 9 After Furnace Purge Finish-After specified time for after furnace puge is confirmed, this 
indication is reversed. 
Step 10 Extinguish Sequence Completed Extinguish sequence is completed 

Mitsubishi MAC 30 M- M500 ဘိြုဳင္လါ -  Diesel oil and steam atomizing condition 
Basically, MHI(မစ္ဆူဘိ၇ွိ company)  do not recommend this operation condition due to safety 
reason.Because, in case of diesel oil and atomizing air, the use of steam atomizing causes the oil spray 
quantity to increase (approx. 20 percent), resulting in an unstable combustion.If necessary to operate this 
condition, watching at the boiler side must not be neglected by operator. And the fuel oil and air ratio 
must be sufficiently adjusted. 
Atomizing air အစါး atomizing steam သုံးခဲ႔၇င္ ၂၀% ေလါက္ oil spray quantity မ်ားလါလုိ႔ unstable combustion 
ၿဖစ္နိုင္ပါတယ္။fuel & air ratio မွာ ဆီေလ်ာ႔ေကြ် း၇ပါမယ္။

Fuel inlet  


