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1. Piston 6. Seal ring 11. Piezo pickup
2. Relieved top land 7. O-ring holder 12, Clamping bolt
3. Cylinder liner 8. Lateral stopper (bar) 13. Clamp screw
4. Cylinder head 9. Elastomer
5. Gas seal O-ring 10. Lateral stopper (ring)

@)

1. Gas seal O-ring
2. O-ring holder
3. Seal ring

4. Water jacket

5. Piston

6. Top ring

( (@)o )
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l. Piston guide
2. 0il control O-ring
3. Reciprocating cylinder with piston
4. Piston (ring belt only)
5. Pressure relief port
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1.2

1.0

Pf (p) =PI (pr)+Pf (ps)
Pf (ps)=a+b- Cm

1t Pi{pr)=(c+d: Cm) - Wpr

(kg /em® )

0.871

0.671
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30

8
(kg)
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Load 1000~3000rpm

av,

25

kPa

20

Pip

=

?&L Ring (1st)
1

BW=1, 5mm
{1st, 2nd)

&

BW=1. 2mm
{(1st, 2nd)

Resin Ring (ail)

BW=0. §mm
(Ist, 2nd)

30
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Keribar

PISDYN(

OIL STARVATION
AT TOP OF

1-14

18)(17)

1-14 1-15

1-13

PISTON SECONDARY MOTIONS

Knoll @9

1-13

Bore 125 mm, 1900 rpm, Full Load

Hydrodynamic Velocities

W

an

1

axial wvelocity

= translation velocity

due to secondary

movement

= angular velocity due

to rotation arocund

the gudgeon pin axis
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Friction Force (N)
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1500RPM
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650 RPM

270

13 180 225
CRANK ANGLE (deg)
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48) (51)
(52)
Single Cylinder Engine
% " Oil with Fluorescence Dye
Fused Quartz Glass Liner Frame
— Video Memory Board
/m ccb Signal [
Camera = odoo
Filter: .
(Orange)  Filter

ue)

Personal
Computer
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Offset 1.0mm Ofiset 2.0mm

30deg BTDC Compression Stroke
Anti Thrust Side

10 15 20 30 40 90
Oil Film Thickness pm

40deg ATDC Expansion Stroke
Thrust Side
0 5

1-25 “n

|_~Water Jacket

1-26 48

1st Ring
Gap

Qil Ring
Wt

1M @ © 1 @ @
Intake stroke Expansion Stroke
1-27 46
( 1600 rpm)
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2.1

2.1.1

2.1.2

nm)

2.1.3

2.210)

96.9 mm

96.9 mm

(

(
) EJ22
2-1
96.9 mm

21

365 nm

92 mm

92 mm

390



2-1

( )
mm 92x 75 96.9x 75 96.9x 75
(NPR B) (NPR B)
cc leyl. 499 553 553
mm 155 155 185
9.5
4 SOHC 4
2.2 ( )
2.2.1
® (A 2-1
F
)
P F
1-7(b) ®
1-7(b) (b
(
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96.9 mm 75 mm
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1710 17100

( )

¢ 2-2(a))

¢ 2-2(a) 2-3())

P
( 2-3(a))
( ) ( 2-3(a))
( ) ( 2-3(b))
27.5 mm 97.5 mm
27.5 mm ( 2-5 )

24
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2-4
2-2 2-3
60 pm
20 a
2.5 ) 2-4 L
2-5(a)
AC8A-T6
A.2
A.3
29.0, 51.0, 72.5 N Top, Oil
2-5(b)
)
2-5(¢) Rz( JIS B
0601:1994 ) 2.8 3.4 um (RMS) 0.33 0.42 um
2-5(a)(b)(c)
Al B1 C1
) %:$:ﬂ h LJ MI}'%
‘ \JUUL L
=" =

S

\

,\
S

1
(\
=
—
M)

4
A
Y
|l\

2-4

~
~



2-2 ( )
Piston A1 |Piston B1 |Piston C1
Skirt Length L mm 50.2 42.1 37.4
Tp pm 100 294 300
SKirt Bd pm 20 100 20
Profile | 7PL mm 28.1 19.3 22.1
BdL mm 51 9.1 6.1
Ovality pm 530 560 400
60 pm ( a )
L
/ \ ‘ TN
a
vy Bd N / e
i  v—
» b BaL TpL
A L -
Ovality=a b

(

2-3 ( )
Bx T mm
Top )m, 1.2x 3.3 5.8 8.9 10.2
< T Lt
2nd A 1.5% 3.9 5.4 8.2 11.0
Oil 3x 3.4 17.8 33.9 51.3
N 29.0 51.0 72.5




0.8 mm

0.3 mm

Top

" Rz:2.8 um
v (10 )
© RMS:0.33 pm

Rz:3.4 pm

W (10 )
RMS:0.42 pm
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2.2.3

2-4
(2-1)©
2-4
mm?/s g/cm®
40 54.00 0.850
100 8.34 0.814
#20 « )

log,olog,o(v +0.6)=-mlog,,(Tc+273.15)+n

Vv (mm?/s)
Tc C )
m, n

m=3.43504 n=8.81286

(2-1)

2.2.4
€))
2-5
(IMEP: Indicated mean effective
pressure)
2.5 ) 4.7.3 ( 4-2)
2000 rpm 1000 kPa (IMEP)
2-5 ( )
(IMEP)
rpm kPa ( )
700 60 98
1200 187 103
1500 480 108
2000 477 110
(b)
1 90



()
« ) ADM-5198BPC 10 )

2.2.5
2-6(a)

( 9001) (b)

7 o n=1
_ 3 [ o ////Af///’
: A n=3
2 el
’ / y=00243%|

0 50 100 150

(b)

2-6
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2.3

2.3.1

@)
92 mm

2-7-1(a)

2-7-1(b)

(b)

2-6 (

) 25 pum

2-7
2.2.2(b)

75 mm

50 pm

(©)

2-8

(20
2

32

2-7-2(d)

5 mm, 53 mm

A2

(2.5

2-7-1(a)

2-7-1(a)

50.4 N
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Piston BB

Piston AA

2-8



2-6 ( )
Piston AA Piston BB
Skirt Length L mm 52.1 40.5
Tp um 100 294
skirt | B9 nm 10 100
BdL mm 5.1 9.1
Ovality pm 530 560
( a ) 25, 50 pm

Tp

/*T* TN

(

2-7 ( )
X N
Top J ©11.2x 3.3 7.9
T
2nd A 1.5% 3.7 8.2
ol 3x 3.1 34.3
N 50.4




2.3.2

€))

1200 rpm

2-7-1(a)

4.3.2(a)

2-8

1200 rpm, 173, 450, 680 kPa (IMEP)

50, 60, 70, 80, 90, 100

(b)
2.2.4
90

2.4

2.4.1

|
AM
C h

F(T,A)
K(4)

1(A) = 1,K(A)F(T,A)Ch

l, C

2.2.3

(54) (56)

(2-3)

K(2)

20

2-8

(56)

(2-2)

(2-3)



2.4.2

@)

2-9(a)

2.5

27.5 mm)

96.9 mm

2-11
Top

37

75 mm

27.5 mm

90

2-9

2-9(b)

¢ 0.2

(Top



(Cyl. No.2)




(b)

2-10 (5.2.1 )
2-10( ] )
2-11 2-10
2-11
2.4.2(a)
¢ 2-9(b))
2-11
2-9
Al,0,4
2040
9
MPa 275.4 413.6
MPa 3.455x 10°
0.29
W/mK 27.21
1/ 8.4x 10°°
nm 150 5500
2-10
() NKX-1595
0.5g/
()
3000mW/cm  365nm
SLA-154A 15W
-390
VisionResearch () Phantom V5.4
( ) (1200rpm
2400 /sec)
( ) 720 10
512x 512
51 58y sec( ) 11p sec( )
Y44( ) Y-48( )

39
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2-11

- - mg/100ml
( )
C20H16NZOZS
NKX-846 464 494 310 350 4
C26H26NZOZS
NKX-1595 479 507 4900 4306
C32H42NZOZS
NKX-2401 416 520 1800 518.8
()
Cyl. No.2)

2-11

41




(©)

Bd
P ,
2-12
2-3 51 N 29 N
Al D1
Al A2 P A2 D1
D1 Cl
C2 Bl B2
Bd
1.6 mm
¢ 3 Al A2
Bl D1
C )
(57)(58)
105 pm
2.5 )
2-12
Piston Al l Piston A2 | Piston B1 I Piston B2 | Piston C1 | Piston C2 Piston D1
Total Ring Tension N 51.0 51.0 51.0 29.0 51.0
o um 100 | 300 294 300 300
SKkirt Bd pm 20 100 [ 10 20 20
Profile | TRL mm 28.1 19.3 221 22.1
BdL mm 5.1 9.1 6.1 5.1
Ovality pm 530 | 400 560 400 400
Skirt Length L mm 50.2 42.1 37.4 50.2
Type of Oil Drain Hole Slot Hole Hole Hole
Bd%i _/ P J[
P — | L]
BdL TpL |
L | [ Lnfa
105 pm

42




2.4.3

100

2.5

2-13

(1200 rpm

2-2)

10 )
1200rpm 380kPa(IMEP), 2000rpm 520kPa
2.5
20
2-12
( )
(
3-23 )
(20 ) ( )

2-12



60 pm 105 pm
110
98 110
110
150 ‘
[ — (Clearance 10pm)
- ( Clearance 60pm)
L ( Clearance 105um)
100 ~
e F 7
= //
re
Q L
8 50 z
5 <]
> //
©)] ol
0 >
L -~
//
4'/
50 L
0 50 100 150 200
Liner Temperature
2-13
( , 96.9 mm)
2-13
/
60 105 10
a, 1/ 11.9x 10°° 8.4x 10° 18.0x 10°°
a, 1/ 21.1x 10°°
TDC
mm 27.5
X mm 96.9%x 75
2-14 92 mm
25 pym 50 pm
25 pm
50 pm




2.6

OverLap p

3.1.8

150

100 |

50 |

50 L

P (Clearance 10 pm)
—_—— ( , 25 um) -
( , sopm)| .~

/ |
I'e
//
50 100 150 200
Liner Temperature
2-14
( 92 mm)
3.1.6 3.1.8 )
2-15
1 mm
0 5 mm



<= == <
Y
R;
Ovality;A-B B
2-15
2.7
96.9x 75 mm EJ22
2-16 (a)
( ) (b)
©

(d)
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3.1

3.1.1

3.1.2 ( )

Patir®ve

( (59)

)
)
®3)
4)

®)
(6)

3-1 U, U; X y z
dx dy dz
€y

pdydz — ( p+ a—pdedydz — zdxdy + (z’ + a—szdedy =0
OX 0z

op _or
oX 0%

D) u x r

G-



Uy —

N

N \\\\\\
O\ \\\\\

SO or

. +—dz
’ 0z

z P —» S|e—

p
—d
dx p+8x X
‘ T
y X

S S S S S SS S S SS

u ——

3-1
ou
’L':,Ua—z
3-1)
op_ 0 oau
e A Tl 3-2
oX 62(”62} (3-2)
C)) 3-2) z ®) u
z=0 u=U,
} (3-3)
z=h u=U,
h X y t
h=h(x,y,t)
(3-2) (3-3)
10p(,2 U, -U,
=——\z°-zh)+—=—=2z+U 3-4
u Zyc’}x(z z)+ . z+U; (3-4)
u z 0 h G,
h 3
GX=J' (Lu)dz=—— P UitUay, (3-5)
0 124 Ox 2
y v Gy
h h® ap
= [, @z = - (3-6)
y U, U 0
3-2 (dx-dy-h) dt
z oh/ot
( )

51



G, + Gy dx
oX

\ A

oG
dx N [N G +a—ydy

3-2

oG oG oh
G, —| G, + —Xdx |ldydt + {G, —| G, + —2Ldy |‘dxdt = — dxdydt
{X(Xax J}y {y(yﬁyy} ot Y

0G, %Gy oh

=0 3-7
oX oy ot G-1)
(3-5)  (3-6)
3 3
ofh7op), 0N oP ) g, 4u,) My (3-8)
ox M1 OX 6y u oy oX ot
p
Patir@®e
Patir
$GCx  #,Gy Sy
Ps
Patir® e
(3-8)
3 3 oh, oh,
2 ¢Xh—a—p 2 ¢yh—a—p =6(u1+u2)—t+6(u1—u2)a%+12—t (3-9)
oX 1 OX ) 0y u oy oX oX ot
U,=0 U,=U (3-9)
3 3 oh, oh,
i¢xh_a_p ¢y h™ op|_ U ¢ |, M (3-10)
oX 124 OX 124 0y 2| 0x oX ot
h, Patir@e ( 3-18(b)
(3-44) ) o

52



Q)
()

3.1.3

ay [mm]

f [N]
fi [N]
fi [N]
for [N]
h [mm]
h. [mm]
h« [mm]
hy ( ) [nm]
hs [mm]
I [mm]
P [Pa]
( ) [mm]
sb [mm]
SW [mm]
t [sec]
U [m/sec]
wb [N]
wh [N]
ws ¢ >V
X, Y,z ( 3-5)
X [mm]

XR ( ) [mm]

o o ¢ [mm]
[mm]

=
Uy
~
S,

1 [Pa s]



T (

Tstr (

Py » Dy X,y (

Pt 5 Pip ( )
3.1.4

Patir®»e

3-3

3-4
hy, 1/2 ¢ )
5(€) (3-11)

(3-12)

5(&)=R2—¢?2 —(R—ao+a7W)

a'W
5(8) =—a0+7

0<e<l

> pf
Ipf<é:£|p/2
= 2 lp)2
5TI° 5(&)de

1 2 . If a I
:I—{Ipf,le—lpf +R?sin 1[%)—2Ipf[R—a0 +7W]+2[?p—|pf )[_
p

R-RZ-12/4
ay = P, Ipf=\/R2—(R—25310+aw)2

) [Pa]
) [Pa]

(60)

S

(3-11)

(3-12)

(3-13)




Ilplz Piston Skirt Surface
pf
5
3 €,
0 /
R i i aw 2a0
5
h _
he=h+5(&)-0
Cylinder Liner
3-4
h h. (3-14)
he=h+6(&)-5 (3-14)
3.1.2
Patir®e (3-10) 3-5
X y Z
t p ﬁ* yzi
u (3-15)
y
i\
| N
(60) j
U , )
3-
5 3.1.6
3-5
3 8 oh.)  oh.
9 ¢Xh—@ +i ¢yh—@ =6U +12 (3-15)
OX M1 OX | 0Oy MOy OX ot
(3-15)
(Wedge )
(squeeze )
P, by (60 (3-
16)
1 E[h’]
by =—F= Py =— (3-16)
h3E{ 1} "
h3



E[]
mm=%ﬂWM@m§

p

R = E[h.]

oh. _oh Oh. _oh

ot ot ox  ox
(3-18)  (3-15)
3 3
9 ¢Xh7@ +i ¢yh7@ —-6U oh_ +1gih
OX M1 OX | oy M oY oX ot
(3-20) Patir@®ve
¢fr¢fp
(60) (61) (3_21)
uy hap
= — =+ _——
TE T ey oy
_ 1 1 1
ey ] el
3.1.5
3-3
Greenwood®?
h
C, (3-22) ( 3-6)

h 0.6
C| =06 1—(h—J
b

h<h,

(3-11)(3-12) (3-14) (3-17)

(3-19)

Greenwood®?

(3.3.2 3-18

(63)

3-22)

(3-17)

(3-18)

(3-19)

(3-20)

(3-21)

(64)

(3-22)



hy ( 3-4) o 0.1

(3-23) wh
whb ( ) ws
ws = wh +wb (3-23)
Wb =ws-c,
Cy
[
S Mixed Lubrication
g < >
~ 0.6
(&)
8
C
o
(@)
G
2
)
<
o
hy  Oil Film Thickness h
3-6
3.1.6
2.5
¢ 3-7)
3-7
sb SW
sb SW
3-8
(65)
2-2 2-6
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Overlap
Force

—

2 ~
(\ /) sw

v

e —

sh

<

»

Skirt Bearing Area

3-7

Skirt
profile

50 um:I:

|

Mechanical Deformation
due to Oil Film Pressure

3-8

BdlL ( 2-2, 2-6)

3-9

TpL,

Overlap ~ Overlap
Skirt
Liner
Piston f_J
A
A
Overlap

A
\A
A

A

sb

A4

3-9
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3.1.7

(66)(67) (68)(69)

3-10

hg-sw=z-h-sw

s
h
(striation) z
u X
24)
ou _ hgu U
Tstr :WZ:/ITF=Hhsh—2

—0. 0P/ _
p=0, Ax_o

-

sh

p=0

)

(Striation)

(70)

XR:XS

SW

A

3-10
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X (Xg < x < sb)

(3-24)

Tstr (3 -

(3-25)

XRr



3.1.8

3-11
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(
) )
-
3-11
3.1.9
( 2-2, 2-6)
3-12 2.5 (0D 3.1.6
(Sn) (Ow) (T
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3-13 (Sa)
(Ng)

(Ow) 3-12

¢ 2-5

3-12, 3-13 3-14
3-1
(3.2.7 ) 3-1
60 : : 004
—X—Overlap c
—&— Viscosity o
£ 40 - X 003
= /X é‘
S i« 2
> 20 < 002 §
T x >
g o x//// = 001 %
T 3
3
-20 o <
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Liner Temperature 7,
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—@— Overlap Force, Skirt BB 10
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—O—Skirt Bearing Area, Skirtjm/’j
750

500

.
L

Overlap Force Ow N

(63
Skirt Bearing Area Sa cm?
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Liner Temperature 7,
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Overlap Force Ow N

60 0008
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3-1

y=ax’+bx
a b

AA 0.0331 1.979

BB 0.0309 0.7696

Al 0.0330 2.3415

B1 0.0260 0.5603

C1 0.0327 2.8118

(9.8*y:N, x:pum)
3-2 Ip,aW
( 2-5(®) ) R
( )
Al, B1, C1
3-2
l, mm a, pm R mm a; um lpf  mMm h, nm
0.23 1.0 0.8 4.15 0.108 7.3




3.2

3.2.1
3-15(a) O
G, AX, Ay
AX
==
j+1
Ay $
j
’ (i fj)
j-1
X
i—-1 i i+1
(a) (b)
3-15
3.2.2
(3_19) (71)(72)
h- By o _p h- PBo .—p ..

i (¢xi+1/2,j)( I+1/2,j) p|+1,JAX Pi, _(¢xi1/2,j)( I*1/2,J) Pi, A)F()ll,J

Pivt, jr Bijr Pi-gj

ﬁ[@xiﬂ/z,j)(hiﬂ/&j)\? Pityj— {(¢xi+1/2,j)(hi+1/2,j)3 + (¢xi7]/2,j)(hi—l/z,j)3}pi,j

+(¢xi—1/2,j)(hi—l/2,j)3 pifl,j] (3-26)
1 3 3
W[(¢yi,j+l/2)(hi,j+l/2) pi,j+1_{(¢y,j+1/2)(hi,j+1/2) +(¢yi,j—1/2)(hi,j—1/2)3}pi,j
+(¢yi,,-,]/2)(hi,,-,]/2)3 pi,j—l] 3-27)



6U hit1/2,j —hic2, _ 3y hivgj—Nigj
AX AX
3.2.3 (oh/ot)
3.1.4 ) G
wh

wh =“ pdxdy

oh

—=h 3-23

— (3-23)

” pdxdy —ws +wb = F(h)
(3-30) h

[ %dxdy = [[ pocdy = F(H)

_op
Ps ==
ap -
. 3-19) h
F (3-19)
h (3-32)
o), 0o (o)l _af, n°op,
ox | u ox\ oh ox\"* u ox
h Ps (3-33)
3 3
(PR R P R I
X H OX ay u oy
P, (3-31)  F'(h)
h'zé’_h (67)
ot
- F(hy)
hyaq = N ———
k+1 k F'(hk)
3.2.4
p=0 op/ox=0 Xg

(3-28)

(3-29)

(3-30)

(3-31)

(3-32)

(3-33)

(3-34)



p=0
3.2.5

y78)

=iy i hig

hi j

U
Tstri, zﬂhsi,j h_2
i, ]

3.2.6 (

(3-37)

pi(,r}+l) = pl(r}) + 0){ f(Pu(fl)J +P

w :

fStI‘

f=fh+fu+T

fo= D > Axdyr; |
fstr = ZZAXAyTStri,j

f, = up Ws C
=0.1wb
(3.1.5 )

(n+1)
i

n:

Ti,j (3-20)
4AX
Tstri, j (3-25)
)(74)
ol
3 B+ pl5 ) i)
n
wh (3-23)
h
h
) p
fh
\
>
J

(3-35)

(3-36)

( (3-39))

(n+1)

pi(vr}) pi,]
Pi, j

(3-37)

WS

fy

(3-38)

(3-39)



3.2.7

3-16
h oh/ot
(3-19) (3-37) Di. |
p 0.5
(3-30), (3-31) h
hear Dy 0.2
h (3)
0 720 1
3.1.8
3-14 3-1
90
1
( )
3-17 700
26x 26( 729)
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<: 0 h h :>
wb -
ws wh
|
(3-37)  pi; wh
(3-33) s Ps F'(h)

(3-30) F(h)

h (3-34)

0+1
hp.y =h+hdt

h0+1

No

G-

3-16




(CPU Pend, 3.0 GHe|
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| 0 —0 —o0 ]
20 o—"2 4
—o—
15 o / 3
10 / 2
5 1
0 —o—rrnt 0
0 500 1000 1500 2000
3-17 ( )
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3.3

3.3.1

@5 @NEo)

3.3.2

@)

Ac [mm?]

Acd (=Ac/bl)

b [mm]

by [mm]

be (=b-by) [mm]
(= [Pa]

E, [Pa]

E' (={@-v{)/E +(@-v3)/E}™") [Pa]
fh [N]

f [N]

for (striation) [N]

f (f="f,+fc+fy) IN]

h X [mm]

hy [mm]

N [mm]
h, [mm]

h, h (Patir®e ) [mm]

ho [mm]

| [mm]

Y [Pa]

[4 p (Patir®@ ) [Pa]
Py [Pa]

Py 2nd [Pa]
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Pc (=Wc/Ac) [Pa]

t [sec]

U [m/sec]

W ¢ >V

W, [N]
Wey (=W /bl) [N/mm?]

W, [N]

Xgp [mm]
(3-109) (0.08 0.3)
( ) [mm]

[mm]
[1/mm?]

( ) [Pa s]

o (=+of+03) [mm]
o1 [mm]
o, [mm]
c ( ) [Pa]
Th ( ) [Pa]
Tstr ( ) [Pa]
7 (3-109) [Pa]
p=0 2 MPa
by, Ps Patir®e
Pt 5p, Pt Patir®ve?
npo 0.05
olp 0.0001 0.001
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ey he
o o
2 2
° o
P=—"__pn, P =
' 6uRwb P P2 6uRwb P2
1)
o
Tan = T =
A0 R TO C IURa) TC
FC = o .f_C, Fstr o h
uRwb | Rwb |
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(®)
3-18(a) (b)

(23)

3-18(b)

(b)

3-18

@

73

hy =h+3,+5,

5251+52

Top

2nd



)
®3)

(23)

€))

3-19

p=0,

XRr

3-19(b)
XR

=0

oplox

p2

(a)

p2

(b)

3-19
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3.3.3 (

@)

Patir®ve

X 3-18(a)
h P h (
7 U t
(3-10) (3-40)
(Wedge )
(squeeze )

Oy, P Patir

8 h oh
¢x h gp|_U éht+0_§¢s all
124 Ox ~ 2 ox X ot

h(x,t) = hy, (t) + hy (%)

oh dh, oh dh

ot dt ox  dx

(3-41) i (1)
hy (X)
MU)=M(Q_XT 0<x< by

by
h(x) =0 by <x< b-by

2
mu)=m{il@:3Q} b—b <x< b
by
Patir®ve h,
(3-44)
hy hyx
h,=0 hy=h+5( 3-18(b) )
_h o

Ht=fim+5ym5yd5

75

3-18(b)) Px> 9
(3-40)
3.3.6
(3-40)
h
(3-41)
(3-42)
( 3-18)
hi(x)
\
> (3-43)
J
®(3)
S
hy=0 §=-h
(3-44)



2 3
@(5):%{1—[31) } 5< 30
le2 o2

(3-45)
=0 o > 30
(3-44)  (3-45)
he= 22 {35+ 2(128 + 2(140+ 22(-70+ 22(28-52%))))] H < 3
256 = (3-46)
=h H>3
oH, _, oH (3-47)
oT ot
A= 16+ 2(35+ 22(-35+ 22(21 - 522)))) H<3
T = }. (3-48)
=1 H>3
H, =—— 135+ 2(128 + z(140 + z2 (=70 + z° (28 — 52° H< 3
= pos 35+ 2(128+ 2(140+ 2% (28-522))f H < } (3-49)
=H H>3
z=H/3 H=h/o
(3-47)  (3-48) (3-40)
R ¢XH3£ Uy %Jr% +2Llﬁ (3-50)
X X X aX aT
(3-42)
AT dT
(3-50) X Co
3@_ H de X
dxHE S = U (FL + o)+ 2L [ ox+Co
(3-52)
X
A;=I dx (3-52)
0
op H, +¢ dH, A C
A VN SR S J R +—20 (3-53)
oX gxH’ dT gy H®  gyH’
(3-54)
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Fpp(X) =—! YE )
X
A
FD2(X)—¢XH3 \ (3-54)
1
Fos(X) =
D3 XH3 )
e =Un Fou(X) + 2L S8 oy (X) + CoFips (X) (3-55)
C, X (3-56)
R0 = Fou(X)dx ‘
X
Fo(X) = [ Foa (X)dx > (3-56)
X
Fo(X) = [ Fos(X)dx )
§=UNF1(X)+2Ld:Tm F, (X)+CyF3(X)+Cy (3-57)
X =0 P=P ( )
X =Bg P=P,( ) Co» G
Pl_PZ Fl(BF) de FZ(BF)
OTTE B N EB) T dT Fa(Br) }
3\FF 3\"F 3\FF (3—58)
C,=P,
(3-57)
B _ _ F (Be) dH, _ F,(Bg) _R-PR
P—UN{H(X) —F3(BF)F3(X)}+2L - {Fz(x) Fen F3(x)}+P1 ey FX)
(3-59)
Br
Woy Wiy _J'O Pdx
(3-59) (3-60)
Fa0)= [ FO0dx ‘
X
Fso(X) = [ Fa(X)ax > (3-60)
X
Fsa(X) = [ Fa(X)dx )
B _ Fi(Bg) dH,, ~ F(Bg)
WhN _UN{FSl(BF) F3(B|:) FS3(BF)}+2L dT {FSZ(BF) F3(B|:) FS3(BF)} (3_61)
+PBg — ::2(_822) Fs3(Br)



(3-62)

Fi(Bg)
Z, = Fg1(Bg) - =L Fgq(B A
1=Fs1(Bf) Fy(Be) s3(Br)
_ F,(Be)
Z; = Fs2(Bg) - Fa(Bp) Fs3(Bg) > (3-62)
P,—P
Zpy =P1Bp - F31(B,:2) Fs3(Br) )
WhN :UNZl"I‘ZLd(;_'iTmZZ +Zpl (3_63)
de _WhN _UNzl_ZPl (3—64)
dT 2L-Z,
(3-64)
(®)
Patir®be T
(70 (3-65)
Pi. Prs, Prp
bt bis, dip 3-3.6 Patire
U op =
Th =ﬂT{¢f _(1_2Vr1)¢f8}+é,_s{vrlht_(vrl_1/2)¢fph} (3-65)
c o=yoi+05
o V2
01 O3 Vr1=[;1J
Tan
U OP (., —
T an Z?N{¢f _(1_2Vr1)¢f5}+6a_x{vrlHt ~ Vi —172)¢, pH} (3-66)
(3-58)  (3-55)
oP F,(B) dH F,(Br) p,-P
CE U Fp (X)) =2 E o (X) b 2L i F o (X)) — 2 E L E (X ) b2 F(X
X N{ p1(X) Fy(Br ) p3( )} a7 { p2(X) F,(Be) p3(X) F.(Br) p3(X)
(3-67)
(3-66)
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Tan =
U, |:¢f —(=2Vyy)dss

H

+6{(vrlﬁt (Vg ~ 1120y H Foy () - 2RV F v, ~112)g, pH)Fm(X)H

F3(Br)

+12L dHp,
dT

F3(Bg)

P-P,f, &
—G{F;(BFZ) Ve - (Vi -1/ 20 pH }FDa(X)}

(3-69)

S R )

FDS(X)={Vrlﬁt_(vrl_llz)¢pr }FD3(X) \
Fpe(X) = {Vrlﬁt — (V1 —1/2)¢¢ ,H }FDl(X)
Fo7 (X) = VeaHy = Ve ~1/2) pH [Fpa(X) )

T an =UN{FD4(X)+6{FD6(X)— F1(Be) Fos(X)H

F3(Br)
dHy, _F(Be) LR
+12L qT {Fm(x) Fs(Be) FDS(X):| 6 Fs(Br) Fps(X)
(3-70) X =0 X =B ¢
Fr

B
Fh = J.O TAh dX

=Uy {F4(BF)+6{F6(BF)_ F1(B) FS(BF)H

F3(Br)
dH, _FZ(BF) _ P-P
+12L— {F7(BF) F.(B) F5(BF)} 6 . (Br) F5(Br)

e X
Fa(X) =] Foa(X)dx )
Fs00 = [ FosOOd

r X >
Fe(x)=. o Fpe (X)dx
Fr ()= [ For(X)dx )

79

{{vﬂﬁt Vet ~112)y H oo (x) - 2BE)

~ (Vi —1/2)¢; pH }Foa(x)}

(3-68)

(3-69)

(3-70)

(3-71)

(3-72)



(3-73)

Zy= F4(BF)+6{F6(BF)_ EEEE; FS(BF)} )
_ _ F(Bg) _
Z,=F;(Bg) F,(Be) Fs(Bg) > (3-73)
p2 = E;(_BI:Z) Fs(Bg) )
thtJN.z3-F12L5%¥1.z4-62P2 (3-74)
3.3.4 ( )
(@)
X=Be(  3-19(a))
Xo Xo X =Xo
P—0 j_f(: 0 (3-75)
(3-59) B Xo
5 _ ~R(Xo) dH, _F(Xp) _P-P
P—UN{H(X) FAXO)F“X)}+2LdT {5(X) FAXO)FAX)}+P1 I:B(XO)Fa(X)
(3-76)
Whn (3-76)
Xo
M“szfo Pdx (3-77)
(3-60)
_ ~ R(Xo) dH, K (Xo)
WhN _UN {FSl(XO) F3(Xo) FS3(XO)}+2L dT {FSZ(XO) F3(Xo) FS3(XO)} (3_64)
+PXp - I;l(_)(:z) Fs3(Xo)
(G-19)  Zs, Zy Zps
25 = Fa(Xo) ~ £ FeaXo) )
_ R (Xo) }
ZG - FSZ(XO) F3(Xo) FS3(XO) > (3 79)
ZP3 = Plxo_ 21(;(:2) FS3(XO) Y,




dH

Wiy =UnZs + 2L 20 + Zpg (3-80)
d:Tm zﬁ(WhN ~UynZs-Zps3) (3-81)
Xo (3-81)
Xo (3-67)
P _ _ R(Xo) dH, R (Xo) _Pi-Py
X _UN{FDl(X) Fs(Xo) FD3(X)}+2L qT {Foz(x) Fa(Xo) FD3(X)} Fs(Xo) Fps(X)
(3-82)
X = Xo
UN{Fm(xo)— 2o FD3(X0)}+2|—d:—Tm{FD2(Xo)_ =) FDa(Xo)}_ P FoalX0) =0
(3-83)
(3-84) Zow Zo2, Zopr
Zoy =Fp1(Xo) - EE);Z; Fos(Xo) )
Loy = FDZ(XO)_%FDES(XO) > (3-84)
P~ P
op1L = F31(X02) Fos(Xo) )
Un-Zop +2L d:.l.m Zoz2 =Zop1 = Dpo=0 (3-85)
(3-81) (3-85) H,(T) Xo(T)
(b)
(3-67)  (3-55)
o ZUNVf —(1—H2Vr1)¢fs
+6{(vr1ﬁt ~ WV ~ 1201 o H )Py (X) =20y, — vy =172 H )Foa(X)H
F3(Xo)

+12LdH—m
dT

§

P,— P,
F3(Xo)

{{Vrlﬁt - (Vrl _1/2)¢f pH }

Vi, = (Vg ~1/2)g H }FDa(X)}

81

Foa(X) —%{vﬂﬁt ~(Vyy ~1/2)y H }FD3(X)}

(3-86)



(3-69)

T an ZUN|:FD4(X)+6{FDG(X)_%FDS(X)}}
dH,, F,(Xo) P,—-P
+12LF|:FD7(X)_ F(Xo) FDS(X):|_6 F31(X02) Fps(X)
(3-87) X =0 X = Xg
Fr
Xo
Py = [ Tanolx
ZUN{F4(X0)+6{F6(XO)_%Fs(xo)H
3(Xo
dH, F,(Xo) P-P,
+12L ] {F7(Xo)_ o) Fs(xo)}—GFa(xo) F(Xo)
(3-89)
_ _ R(Xp) 3
Z; = F4(Xo)+6{|:6(xo) Fs(Xo) Fs(xo)}
_ _ R (Xop)
Zg =F;(Xo) Fa(Xo) Fs(Xo)
_Pi-P
Zpy = F3(XO)F5(XO) )
F,=Uy -Z4 +12Ld(;_|_|_m -Zg—6Zp,

(3-87)

(3-88)

(3-89)

(3-90)



3.3.5

(Striation)

(70)

3-20

ho$ h

3-20

X(Xo<x<h)

ol=1hl

(3-91)

z

(striation)

Tstr



ou hoU U
_ M el Y 3-92
Tstr l'uo”y H h h H th ( )
fsar  Tar
b b 1
f = I 7y dx= ,uhoUI —dx (3-93)
X0 X0 h
(3-65) 0p/ox=0 1=hg/h Xo b
(3-94)
b g —(1—2V
fstr =,uhoU ¢f ( . r1)¢fs dx (3_94)
XO h
(3-94) (3.3.2 )
1 g —(1-2V
Fy = Uy HOJ' ¢f ( . r1)¢fs dX (3-95)
Xo H
Xo Xr
3.3.6 Patir
Patir®ved
y  Patir 3-21 ( )
3-3 14
¢s =V Ps(H,71) -V, ®@s(H,7;) (3-96)
o\
o (2
O
2 (3-97)
lox
Vy, =[—2J =1-V,
O
Dg = AHA exp(—azH +a3H2) H< 5
(3-98)
= A, exp(—0.25H) H >5
=1-Cexp(-rH <1
Px p( ) 4 (3-99)
=1+CH" r>1



$tp =1-Dexp(-sH)
Prs =Vu@is(H,71) —Via@ss(H,72)

D = AgH™ exp(—agH + agH?) (3-100)
05<H<7
ij S = 0
H27
A, A AL o, o, a3, ay, as, o, C, D Patir (21)(22)
Patir
A.1
A, =1.99507 — 0.146973y +0.00426896y 2
A, =1.07657—0.377577In(y)
A, =13.7498 - 2.77645y + 0.607069y 2 — 0.0401518y
a; =1.09179 - 0.103780y +0.00466119y 2
a, = 0.722505 + 0.247348y — 0.0461904y 2 + 0.0025537y >
a3 =0.03(y <1), =0.05(y=1), =0.08(y>1)
a4 = 2.307143 - 0.05628191In(») (3-101)
as = 2.23838 +0.246159y — 0.0293965y 2 + 0.0012247y°
ag = 0.0929623 + 0.030627y —0.00237014y 2
C =0.9-0.212565In(y) y<1
C =1.688250— 0.970042y +0.192306y2 —0.0105139° y>1
D =1.57407 — 0.315112y + 0.0560067y 2 — 0.00348405y >
¢ = ;’2 (1 z2)%In Z—” +6—10{ 55+ 2(132 + 2(345 + z(~160 + z(~405 + z(60 +147z)))))}} \
8
HE 3
b =B a-227%m Z—+1+—{66+z (3022 - 80)} r (3-102)
32 1
H >3

e =¢l30 =1/300s = o /100
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AL, N
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y>1 y=1 y<1
(b) y

3-21 Patir 4

3.3.7

(35)
@70

Greenwood, Tripp ©»

( 3-18 3-22 ) Ac
Wea /3 ( ) 7 o
( ) E’'
G5 BN (3-103), (3-104)
Acq =72 (nfo)? - Fyp(hfo) (3-103)

%”(”ﬂ“)z E'Jo/B -Fys(h/o) (3-104)

Wed =
R0 =[ " (5= X" @(s)ds (3-105)

@(s)
(3-106)



35

@(9::56{1—(q3y}3 s< 3

=0 $>3

FgO(H)==I:(s-H)Zogg{l—(s/3f}3ds

b
We =%n(nﬂa)25q/a/ﬂlf0 F,s(h/o)dx

Ac =z2(nﬂa)2|fob Fpo(h/o)dx

B n npo
Tc
tc=t9+apc (pc =W¢/Ac)
fo ¢ Ac

fC ZﬁAC Tc ‘dAzfoAC +aWC

a, (70)

O

(@) RMS o

3-22
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(3-106)
(3-107)
Ac  (3-108)
(3-108)
¢ 3-3)
( 1-6(a) )
Briscoe(®
(3-109)
(3-110)
¢ 3-3)
- 1 >
@ 0
i
— 2 O )
o D
i1 0
® Acq
(b)



3.3.8

(3-81)
(3-85) H,,
(73)(
(
w
)
0.5
H
FC
110)

(450 dH,,/dT =0
H, . (3-85)

73)

XO b
(73))
) We
Pe P (
P (

1/3 (72)(73)

720 )
0
( )
I:str (3'88)
F (F=Fy+Fc+Fy)
Visual C++ Ver. 6.0
CPU Pen4 3.0 GHz 2

0.5

(3-95)
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2-3, 2-7

3-23
Top
0 5
3-3 ( )
Top Ring | 2nd Ring | Oil Ring
b mm 0.8 0.6 0.3
mm 0.25 0.25 0.1
hy nm 8.0 3.0 1.1
o, pm 0.2 0.2 0.1
o, pm 0.4 0.4 0.4
700 rpm 105 105 100
1200 rpm 110 105 100
1500 rpm 115 105 105
2000 rpm 120 110 105
a 0.3
npo 0.05
/B 0.001
/4 1.0
71 1.0
72 0.6
( 2-5(b) (c) )
1&
Top

EJ22
1200 rpm, 1/4

/

3-23

89

3-3



3.3.9 2nd

@)

2nd

Top
2nd
Top
2nd

2nd
3rd

Top
2nd
3rd
2nd
3rd

2nd
2nd
(
[n]
[n]
[kl
[kl
[Pa]
[Pa]
[Pa]
[286.9( ), J/kgK]
[K]
[K]
[K]
[m°]
[m°]
[sec]
(1.40)
(0.86)
(Top )
(2nd )
Pl ’ Tl
Pl ’ Tl :
l I 1,—F5 T,,V,
PZ ’ T2 ’V2
l _l P3 T3 V3
PLTvs | 5
3-24

3-24)

76)(77)



(b)

At Top
AG, = MAH
RT,

¢ (3-112)

¢l ) 2% i 2/k ) & K+1/k
x—1[\ P, P,
¢ =2.145
P, P 0.528
2nd

¢ _ 2_K &Z/K'_ &K+1/K'
2 k-1]\ P, P,

2nd P,

AG, — AG, )RT,
V2

At 2nd

APZZ(

2nd

0.86¢®

AG,

—£>0.528

&S 0.528

0.528

AG,

—>0.528

&S 0.528

AP,

(3-116)

a

an

(3-111)

(3-112)

(3-113)

(3-114)

(3-115)

(3-116)
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4.1

4.2

Al, BL, C1( 2-4  2-2)
4-2(a),(b),(c)

4-3,  4-4

3.1.8

AA BB( 2-8  2-6)

( 2-15)
0 mm

40 pm

4-1(a), (b)

1 mm

5 mm
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— / ——25 mm Z =" —e—25 mm
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4.3

4.3.1
(3.1.8 3-11)
( ) 4-5
10 mm, 20 mm, 30 mm
2.7 2-16) 4-6
(78)
4-6
(78) 4-7
a( ) b
( 4-5)
4-8 4-8(a)
51 52
( )
4-8(b) 01 0o
4-9 (78)
0 20
20 40
3.1.6 3-7
4-
10 ( ) (
)
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MPa

0.08

mm

0.04

0.00

-0.04

-0.08
0.08

mm

0.04

0.00

-0.04

-0.08
0.08

mm

0.04

0.00

-0.04

-0.08

4-5

\
0 180 360 540 720
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@) ( )
ITH: AT: |
—10 mm -TH
10 mm -AT / \
| \
T —.
a \ / AN
n—" l
—20 mm ;TH
20 mm -AT
V=
—30 mm LTH
30 mm -AT
0 180 360 540 720
deg.
()

(Piston B1, 1500 rpm, 480 kPa (IMEP))



| EJ22 1200 rpm, 1/4 |
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( 338 )
4-10

( )
(Piston B1, 1500 rpm, 480 kPa (IMEP))

4.3.2
(@) ( )
4-11
4-1
(CcH)
4-12 1500 rpm,
450 kPa (IMEP) (TH) (AT)
4-12(b) ©)
(CcH)
1500 rpm
(1200 rpm)
@)
4-12(b)(c)
360 0
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4-13(a), (b)
4-13(a) AA(

4-13(b) BB(

2-6)

2-6)

9 ( 4-11)

CH -

A

Y

&'J
o

(0]
[ |
/ \ A
4-11 ( )
4-1
®)
@ AA
kg 0.55 0.95
CH mm 33.5 124
G mm 10.3 40
kgmm 0.311 1.54
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Skirt Force N

Skirt Force N

Cylinder Pressure MPa
OO N W b

2000

1000

-1000

2000

1000

-1000

720

—{1500 rpm, 450 kPa (IMEP)}
\
0 180 360 540
Crank Angle deg.
@ ( )

Nl

103

-\_,_,__“______ /—_\
0 180 360 540 720
Crank Angle deg.
(b)
;ﬂ__ﬂ_ﬂ,_._ﬁﬁ\_,_‘\’/ \\h___/—""\
S B A R—
0 180 360 540 720
Crank Angle deg.
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Cylinder Pressure

Skirt Force N

Cylinder Pressure

Skirt Force N

MPa
OO K N W
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- |Measured, 1200 rpm, 173 kPa (IMEP)

N
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—— Thrust Side, 100
Anti-Thrust Side, 100

1200rpm, 173 kPa (IMEP)
Piston AA

\____—'—'—'_' |

;—.——'—'—'—" |

%

\__/-—'-'-'_ ~. /|
_\_,_.--'—‘_'—"_'__\/

7

0 180

O P N W b

0 180

360

Crank Angle deg.

(a)

(Piston AA)

540

720

‘Measured‘, 1200 rpm‘

N\

A
AN

N

Anti-Thrust Side, 680 kPa
—— Thrust Side, 450 kPa
Anti-Thrust Side, 450 kPa
—— Thrust Side, 173 kPa
Anti-Thrust Side, 173 kPa

—— Thrust Side, 680 kPa (IMEP)

{\ ‘1200rpm, I‘Diston BB‘

\

A\

~ —

/"\\

AV

360

Crank Angle deg.

(b)

4-13
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(Piston BB)

(

540

720



(b) ( )

4-14 Al, B1, C1( 2-2)
Al C1 B1
ITH: AT:
o 3
a Measured,
7! 2 H1500 rpm, 480 kPa (IMEP) —-A\
s \
— % 1 /
(B
ge
= 0
>
@)
2000 !
— Piston A1, TH
——Piston Al, AT
——Piston B1, TH
z ~ Piston CL TH
o 1000 ' —piston CI AT
o /
L? . —_—
£ 0 S E—— ~ \_ﬁ,’/—'\
E N~
n ~._,—------<ijy
-1000
0 180 360 540 720
Crank Angle deg.
4-14 ( )
4.4 ( )
4.4.1
4-15
1200 rpm, 450 kPa (IMEP) BB( 2-6) ( 2-7)
4-15(h)
(
) ©)
@) ( )

(FMEP:Friction Mean Effective Pressure)



Cylinder Pressure

Friction Force N

Friction Force N

3 I
‘1200 rpm, 450 kPa (IMEP)‘ A
2
g, \
= J ¥
0
0 180 360 540 720
Crank Angle deg.
@) ( )
(FMEP)=8.6 kPa
100 2.0
50 1.5
‘Piston BB, Liner 90 ‘
0 1.0
50 /\\ /\\//\ s
-100 : : 0.0
0 180 360 540 720
Crank Angle deg.
()
(FMEP)=12.6 kPa
100 2.0
Ring, Liner 103
50 1.5
0 /K\] 1.0
-100 : 0.0
0 180 360 540 720
Crank Angle deg.
©
4-15 ( , BB)
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Friction Torque N m

Friction Torque N m



4.4.2

4-16(a)

()
103

(3-20)

1200 rpm, 450 kPa (IMEP)

(3-88)

AA(
1200 rpm, 450 kPa (IMEP)
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80

(

)

(

)
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Friction Force N

Friction Force N
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100

-100

-200

200

100

(b)

——— Skirt BB, 15.1 kPa (FMEP)
—— Ring, 12.6 kPa (FMEP)
—— Skirt+Ring, 27.7 kPa (FMEP)
—— Cylinder Pressure

Crank Angle deg.

108

—
180 360 540 720
Crank Angle deg.
—— Skirt+Ring, 27.7 kPa (FMEP), Engine
Piston Assembly, 23.8 (FMEP), Engine
A
Y
180 360 540 720

Cylinder Pressure MPa

Cylinder Pressure MPa



4.4.3

4-17 1200 rpm
¢ 2-7
17(a) AA, IMEP 450 kPa
(
60
4-17(b) BB, IMEP
AA
AA
BB
(
4-18 4-17(b)
4-17(c) BB

AA BB(

450 kPa

80

4-18
88, 103, 108
( 4-18 )

(FMEP)

IMEP( )

109
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FMEP kPa

FMEP kPa

FMEP kPa
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0
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*ﬁ\w\h 60
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W 40
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—O— FMEP, Piston BB, 49 ym
—@— Skirt Friction Ratio of Piston BB
I 0
40 60 80 100 120
Cylinder Liner Temperature
(®) ( BB)
100
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- —O— FMEP, Piston BB, 49 ym 80
—— Skirt Friction Ratio of Piston BB /A
/A/ %0
L
s ————2 40
[
O——
20
0
0 200 400 600 800
IMEP kPa
(c) IMEP ( BB)
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Skirt Friction Ratio % Skirt Friction Ratio %

SKirt Friction Ratio %



Friction Force N Friction Force N

Friction Force N

Ring Friction Foce
Cylinder Pressure

100 \ \ \ 6
Liner Temp. 88 , 14.4 kPa (FMEP) 1
50 4
B
0 A . /_,\J 2
-50 — / 10
Y |
_100 Il Il Il
0 180 360 540 720
Crank Angle deg.
(a) 88
100 ‘ ‘ ‘ 6
Liner Temp. 103 , 12.6 kPa (FMEP) 1
50 4
’ M 7 /\J ’
-50 [— V/ 0
_100 L L L
0 180 360 540 720
Crank Angle deg.
(b) 103
100 I \ \ 6
Liner Temp. 108 , 13.0 kPa (FMEP) .
50 M 4
0 - /N 2
-50 |— V/ 0
_100 L L L
0 180 360 540 720
Crank Angle deg.
(©) 108
4-18
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Cylinder Pressure MPa Cylinder Pressure MPa

Cylinder Pressure MPa



4.5

4.5.1
4-19 AA(  2-6) 4-19(b)
4-19(c) )
)
) )
(FMEP) (@)
4.6.1
4-20 BB
AA ( 3-12)
4-21 1200 rpm, 173 kPa (IMEP), BB
4-21(a) ( 360 )
0
() ( 365 ) ()
( 450 )
0 (3.1.7 )
® @ (© 3.1.5 ( 3-23)
« )
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02-2.5
01.5-2
@1-1.5
@0.5-1
00-0.5

MPa

(a) 360 ( )

MPa

(©) 450

4-21 ( BB, 1200 rpm, 173 kPa (IMEP))
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4.5.2

€))
4-22(a) 1200 rpm
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) )
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4-22(b)
)
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4-23 BB IMEP
IMEP
IMEP
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, 173 kPa (IMEP)

(
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Friction Force N Friction Force N

Friction Force N
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(b) (FMEP)

(FMEP)
FMEP
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4.6
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Piston C1, 1200 rpm, 380 kPa (IMEP), ATDC 25 deq. (385 deg.)
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A.1 Patir

Patir V@ Px Ps P
(21)(22)
A_l V /41 ’ /42 ,» A 1y a 23 a 3
Y Ay o a2 o3 Az
1/9 2.046 1.12 78 .03 1.856
1/6 1.962 1.08 a7 .03 1.754
1/3 1.858 1.01 76 .03 1.561
1 1.899 .98 92 .05 1.126
3 1.560 .85 1.13 .08 0.556
6 1.290 62 1.09 .08 0.388
9 1.011 54 1.07 .08 0.295
A_2 Y /43 ’ a 4 a 513 a 6
v Az ay as ag
1/9 14.1 2.45 2.30 10
1/6 13.4 2.42 2.30 10
1/3 12.3 2.32 2.30 .10
1 11.1 2.31 2.38 11
3 9.8 2.25 2.80 18
6 10.1 2.25 2.90 18
9 8.7 2.15 2.97 18
A-3 y C
v C Range
1/9 1.48 H>1
1/6 1.38 H>1
1/3 1.18 H>.75
1 0.90 H>5
3 0.225 H>5
6 0.520 H>5
9 0.870 H>5
3
A-1 A-3 O AL
Ccal
Y 2
o
Ap ay ;
A-1 g \?\
<C
1
A, =1.99507 — 0.146973y +0.00426896y 2 0
0

oy =1.09179 -0.103780y + 0.00466119y 2
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