2.1
(Cost) N
(Productivity) (Output)
N (Input)
211
1 (Income determination)
2. (Inventory valuation)

3. (Planning and Control)



(Favorable variance)

4, ( ecision making)
212
1 (Material) 2
11 (Direct material)
12 (Indirect material)

(Factory supplies)

(Supplies)



21

2.2

overhead

31

3.2

33

(Labor)
2
(Direct labor)
(Indirect labor)
Manufacturing overhead

(Factory

Indirect manufacturing costs)

29



34

3.5

(Selling Expense)
(Administrative Expense) 2

(Cost of Goods sold)

213
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(Cost Estimation)

(Differential Analysis)

R



2.14

(3 2 TN R FCR YN

(First-in First-out Method, FIFO)
(Last-In First-out Method LIFO)
(Moving Average Method)
(Weighted Average Method)
(- impie Average Method)

33



2
(Perpetual Inventory Method)
(Periodic Inventory Method)



2.15

FwraNnsaluniingas
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(Direct Cost)

(Indirect Cost)

36



(Fixed Cost)

(Variable Cost)

37



2.2

(Peak load)

2.2.1

(Operating Cycle)
(Piston Action)
(Piston Connection)
(Cylinder Arrangement)
(Method of Fuel Injection)
(Speed)

38



Type)

Action)

(Single Acting)

(Double Acting)

2 1
(Crosshead)
(Opposed Piston)
2
(Single
(Trunk-piston

39



( )
4)
] (In-Line Type)
12 (Horizontal
Cylmder) 1-2 3
. (V-Type) 8
1
8 ,12 16
2 (Bank) 300 120°
1575°
J (Flat and Pancake Type)

180°

40



. (Radial Type)

12
5)
2
. (Air Injection)
. (Mechanical or Solid
Injection)
6)
3
1 350 /
2. 350- 1,200 /
3. 1,200 /
1,000 /
350-1,200 /
1500 /
222 (Diesel Engine Principle)

(Chemical
Energy) (Mechanical Power)
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(Connecting Rod)

(Port)

(Spray Nozzle or Fuel Injection)

g -—»‘ |
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2
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AN FuHIn uusohl
|
21
4 (Four Stroked Cycle Event)
4 - 4
2 720° 1 (Cycle)

( Dead Center)
(Top Dead Center or TDC)

(Bottom Dead Center or BDC)



(Shaft Journal)

(Intake or Suction Stroke)

(Compression Stroke)

1,000°F

180 °

(Power Stroke)

(Piston Pin)

180°

/16

43



180°

(Exhaust Stroke)

(Constant Volume)

180°

(Flywheel)

(Compression)

(Constant Pressure)

720°

44



45

(Compression Ratioor CR.)
(Displacement or Swept or Vd)

(Clearance Volume or Vc) (Clearance
Volume)
3 CR = Vd+Vc
Ve
14:1 23:1
14: 1

(Thermal Efficiency)

2 (Constant

Volume or Otto Cycle) (Constant Pressure)



(Pressure-Volume Diagram)

0
01

(Adiabatic)

3-0 0

as
-—

ANUAY
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R
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USuras

2.2

(Otto Cycle Pressure Volume Diagram)

46



47

(Torque)

2.3

(Constant Pressure Theoretical Diagram)



223

(Cooling system)

48



3,536-4,243 kJ/hr kW

2,828 - 3,536 kJ/hr.kwl

Q = hi*c*A t
=m*c*(To - Ti)
=—*c*(To~Ti)
g
Q= (kJ*hr)
Ti= (K)
To= (K)
m =
= (N)
C = (kJ/kg.K)
2

(Open system)

(Close system)

(Oil cooler)

49
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Namame
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2.6

(alkaline chromate) 22 - 28 /
/100 )

pH 8- 95 pH

0.3
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1- 15  (15- 75 /
717 1 ¢ 171 77" 1
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(Oil cooler)

54



225

(Fuel pump & Injection) 2
1 (Air injection)
2. (Airless injection)

(hydraulic injection)

5
1 (accurate metering)
2. (proper timing)
3. (suitable rate)
4, (atomization)
5. , (good distribution
in combustion space)
(Metering)
1] |1 0 . . 1
(Timing)



(Rate of Injection)

(Atomization)

(Distribution)

(Air Injection)

2 2 ) 3@
60-80  (6000-8000

(Air fuel injection or Spray valve)

)

)

56
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2.8

(Pressure injection)

( Common- rail injection system)
(Pump controlled injection system)
- (Controlled by-pass)

- (Controlled suction)

- (Variable orifice)

- (Variable stroke)

- (Port and helix metering)

of



3. N (Low-pressure metering pump) N

(Rocker arm)

345

(By-pass)

(Constant pressure )

(Accumulator)

(Tappet)
(Push
rod)
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29 ,

(Governor)



HaunI svial

(Injection timing)
(advance)

(retard)

(Advanced angle) 8°-10°

2.2.6 (Governor)



" (indicated horsepower)

1
2.
(windage loss)
3.
, (pumping loss)
4.
(friction load)
N f (Ni) (Nf)

(brake horse power or useful out put of the engine)

Nb=Ni-N f
Nb
Ni=Nb + Nf
(Mean indicated pressure mip)

61



governing)

(Speed drop)

1(Sensitivity)

(Hunting)

~Power of governor)

(Isochronous

(Stability)

(Promptness)

62



(lost motion)

- (centrifugal

force) ,

(servo motor)
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2.2.1 (Oil Separator)
(Slucge) ,
separator bowl
(worm gear transmission) friction coupling
separator bowl sludge
Oil Inlet(l) Oil Outlet(4)

Water Outlet(5) sludge

Sludge Discharge Outlet(6)

bowl V) Distributor®)
Distributor Cone(VV) Bowl Disc
distributor Disc Stack(G)
sludge bowl disc
stack Level Ring(C) Oil Paring ChambeKaa)
Non Rotating Oil Paring Disc(u) bowl Outlet(4)

*(purification)

disc stack Top Disc(E) Gravity Disc(AA)
Non Rotating Paring Disc(T) bowl Outlet(5)
Sludge ()

Sludge Port(l)
Top Disc(E) Water

Outlet(5) seal bowl Water Inlet(IO)



sludge
(i) Water Inlet(IO)
bowl sludge
Gravity Disc(AA)
Level Ring(C)
sludge

Sludge Ports(l)
bowl Sliding Bowl Bottom
(hydraulical force)
Sliding Bowl Bottom
2
closing water

(solenoid valve) MV16

Sliding Bowl Bottom(K)

Control Paring Disc

Gravity Disc(AA)

Sludge Space
bowl seal
bowl
bowl
Seal Ring(W)
(operating water)
sludge

closing water

sludge recirculation
(solenoid valve) MV 16
sludge MV 15
(Y) 3 Operating Slide(L)
Drain Valve(X) Sliding Bowl Bottom
Sliding Bowl Bottom(K) Port(l)  sludge
(Y) Nozzle(M) MV 15
() Operating Slide(L) Drain Valve(x) MV 16
Sliding Bowl Bottom(K) Sliding Bowl Bottom(K)
sludge seal bowl MV10
20 Oil Inlet(l)
MV 16 sludge



S [+
» reE I
\\\ |
Sett/ing tank ce> OHfeed
Rumping system ce> Clean oiloutlet
K Heating system Water outlet
D gf I%Fna:/!lgﬂrifier CT> Sludge discharge outlet
€ segt%rrﬁllla[]arifier R ety

G Daily service tank

2.11

Row! casing drain
operating air
Return flow

e~> Water feed
c$> ulated flow for sys-

2.12




MV 16 MV 15 MV 10

(SR EN 5] f

J ¥ v voa 1
7

7 Unsapamted oil. Inlet
4 Clean oit. @ tier
Water outlet
76 Operating water tank

svig. Flow valve
. Flow valve
MV 70. Solenoid valve for sealing/displacement
water (TO)
MV IS. Solenoid valve for opening water (7 )
MYV 76. Solenoid valve for closing and make-up
water (7 6)

1 Oft/water interface
2 O it/water interface at sludge discharge

Sefctre a sludge discharge

213

(Generator)

( stationary coil

(rotor)

armature coil)

field coil

Sludge port

Sliding bowl! bottom
Operating slide
Nozzle
ﬁgri fe]

W/ hood sea! ring

Grain valve

Opening chamber
Controlparing disc

Position ofsolenoid valve MV TQ MV 75
and MV76 in the valve block

| Fittings in the valve block within the
. dash-dotted area

Narmature)

)
(

field winding

67



(Synchronous Generator)

field winding

(stator)

('y chronous)

(Frequency) (Voltage)

(Inductor coils)  stator
Exciter Field Coil

(Excitation Control Circuit)

Exciter field coil

‘( Exciter System

68

Alternator Rectifier Exciter System

exciter rotating  AC. Generator exciter rectifier
field coil rectifier
AC. Generator output AC. Generator

(external source) field AC. Generator

(power source) field coil AC. Generator
Permanent Magnet Generator (PMG) (shaft)
(Rotor) (Stator) Excitation Control

Brushless Type

(Potential Transformer or Excitation Transformer)



Regulator Control System exciter
(excitation current) close loop control
Automatic Voltage Regulator (AVR) AVR

(Reactive Power)

AVR

excitation current . excitation current

1 214 Alternator Rectifier Exciter System (Brushless Type)

69



Rotating Element

' _-mj” PTs
-

l

f Regulator Control Block I

2.15 Alternator Rectifier Exciter System

(Synchronizing of Generators)

(Power Station)

Synchronize

L (Voltage)

2. (Frequency)

3. (The same phase sequence)

70
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2.3
2.3.1 (Normal Distribution)
2 (Bell Shape)
f(x) = = Lo ; - 00<X<00
y/2ii<]
T (Mean) a2 (Variance)
(Population) f(x)
=0,a =1
(Standard Normal Distribution)
f(z) = ~F=¢ 2 ; - 00< Z <00
V2~r
z = X-fi
a
232 (Goodness of Fit Test)
H,



Goodness of Fit Test

GOF
X2
e _ N(0,-E )2
h E,
k 1
, (Observed Frequency)
(Expected Frequency)
X2
k-r-1 r

x2- XM k-ra

HO

X2>Xza,kr-l *Hb

X2

72

GOF



2.3.3 (Coefficient of Determination)

(R2
R2 AN
R2 0 R2=0.1 10%
( ) 90%
R2 1 R2=0.9 90%

R2 0

R2 1

R2

)
v)

(Total Deviation)



V)

( explained Deviation)

(Explained Deviation) 2.16
j’v
Yy " o ot s et A4/ JU B AW X
: Unexpl ained t " : $
3 Deviation wWe Yoo 4
I S —— _____,,__,,,_,Aitl,'/

? / Explained /~/‘|

Ys® y = Total Deviation
- Deviation Wl |

y A1y / ‘ 'l
y

A\, EREED RN

p——

2.16

Total Deviation = Explained Deviation + Unexplained Deviation

Total Variance § At A ] (w-1)



5

Explained Variance = o =

Unexplained Variance

y ExplainedDev2/

Rz ITotalDev?

. Y exp lainedDev.2/

R2 ITotalDev.2
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