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Table 1 Mechanical property of materials

Brass SK-3 annealed | SK-3 quenched
E GPa 108 206 206
G GPa 41 80 80
Hv 126 211 961
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T AN REL B B

7, H50%MWERIT 16~20DMDAEREIYVRDOEND D5,
RFPFETEHEEEME O 0.lmm* 4+ — ¥ OB /N2 EHBIZEHRT 2ED

zEtl T & 5.

T, 526 HL2R L9 FERM MR d OMFEPHRLEOF K

LD pok AJAOBBRPELRLZ LS, EEBBRERIINT S
IR (i ENFFHORELZHE T L2 I EPTETH S & W
Z 5.

(a) ps=98 MPa (b) p«=196 MPa

(c) ps=294 MPa (d) p<=392 MPa

Fig.3 Configulation of micro projections deformed by static pressure [I-(1)]
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3. 3. 2
M5 &b,
A A=t (po)

W/

F 2R a,
¥ 7,

* opr T, hossn
e OMBE LD, HE (1), (

&b

pr=kps (a p:*+bp.teo)

TR A v,

K 128w THEOERERO®Em
HamRoOEHF% 1 .

5 o ¥t & KD

AdA L BE ps ODBFR O ERA
AdA R p. ODREAKE 2B DD

TR MR TR

, CNZRNTERRT 5.

B3 5.

T A & J) B s B0 B il

MEOREL MO BEEEMEIZ/ERNT 5 EN

b,

ORI, BIEROET SRR E

A (4) THVEHERIZOWT p, & p.OERERD 72
T. pod poobEFIC o THEML, TR EAT

RPN T 5.
2) %L, FNFN £L=2.13, k=7.41

WHHSI .

Table 2 Corfficients a,b and ¢

=B, k EBh

R A6 2R
T 5. F /o, #

I-(1) I-(2) I-(1) I-(2)
a | -7.2007X107 | -9.1887X10° | -2.8206X10° | -7.9214X 10’
b 0.017148 0.007456 0.0033598 0.0020662
c -0.00442 0.0392 0.0085103 -0.0022143
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Fig.6 Relatioship between nominal static pressure P«

and real contact pressure P,

MBEOFEIZL > T p, & p.DERIIZENT S22, REMBIZL ST
BEICEAEO D ELR L., LD CHREOTEEMBOERIZW T 5
Agd e p.OEBRETFUNTE .
3. 3.3 WANERBOERBZNALALBESAOHE
M 7IWC@BET- (1) #Hv, SK-3 #oFHK Mk &HEOFHE
KT CHRoNnZ A, 0lEAZRYT. 2B, ME/HEL N d,/4 &
MiEom.Lr2b 0 »r ZHEORE roTHEXITILL 72 v/ DR
ERT. 22, MTPoBFUESIHEOPLEZE) EWIZERTY
H_HMEDOHEADHAEELIVELNLETH 5.
B7oMllEfER»LR (1), (2) THVWTEEHTOHE po =K
DI, DOWT, EMWE P*MHEOEEMrr " THRLAEAKRE po
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(Combination of steel and brass)
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Table 3 Corfficients a*, b*, c¢*, d* and e*

a* b* c* da* e
Po=294 MPa 3.7079 -5.8482 3.3432 -0.24032 0.78432
Po=196 MPa 2.0059 -2.5147 1.3565 -0.24032 0.78432

2
1.5
1
0.5 -
I K=o |]
s — = K=1 |,
N s =0 |
O 1 ] L | 1 i 1 | 1 1 1 ] i 1 I T T 1 T
0 0.2 0.4 0.6 0.8 1

T/?”Q

Fig.9 Theoretical value and calculated value of pressure distribution

&) peEBELTEXRTL, v/ro DR ERD, Thei/DHE
FZXL Y RA O KM TELSTRIE, M8 k5.

Do lpo=a* (rire) *+b* (riry) >+t (riry) *+d* (riry) +e*
P
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Table 4 Ratio of Py to P

po MPa 196 294
Pyl P 1.02 0.96

2T, BB oax, br, cx, d¥, e*lEEIOMEEL R D,

B9 ziE, MifRMAELPEBRACHMTZSEOHEEGHR Y BLD
WA WS B GO KER S 2R L.

M8IiZBWT, BWEN po 2Z X TORENOMADOBIKRITIZIZT—HK
T4, ¥/, HEBEEOWEMEITERMBLIIEMHEICHEL TR %
5., WBETI2EFOBROMESENSHFIIEET LZHF P, 20
HRIEE, TELTIOEBICBWTEE2BRT 2 HMICWMELERD
ELBHBIENERIIE > TWD.

MEBOZ U EMIEST 2 —FHEL LT, BoMLREISHAH»D
[E Prissko b, pobk PrOBITIERAPHRILT 5.

J‘O I D AT =Py e (6)
A (5), (6) &V Prekew, EBIZEGALEW POzt ),
FAWHRLE., Pr/PELICEWEE D, ZITEY % E 047 E
bi7zdbneEZOLNLS,

& E X @k

(1) JbFfE—ER, $FH&E—RE, &E 2, B =R, EEREREILS
BT SRR B2 M REAF T AEBEICL A ENE), B
KW X OCE (AM), 64-619, (1998), 689-695.

(2) KA B, oo oIl E ik, (1965), 1l EH

(3) JbFEAE —ER, BE A, EAMEERIC X2 EMmERRE 8 1

B
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BESERR) |, H AWM 2 S0 LE (AM), 60-573, (1994), 1288-1293.
(4) Timoshenko, S. P. and Goodier, J. N., Theory of Elasticity, (1970), 408,
Mcgraw-Hill.
(5) MHEREZ, MAEPWE e #EERPE e omEEmMe T (58 1%
RSE A LR R AR L o w2 EEm) | H AR S AR Sk,
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EA4E I DY ENYy RAXHF Yy MIC
MTdHmisbEERTESE (U

4. 1 ¥
BMADOEWBIZBWT, TOBMBRERICERNTIHEZIEET ILE

(E =R

il

HEfEO Y ) Y F ANy FFAF v b, TP oL > THE
C2EiR -BEOBRBETARLHEHEL A NVBILOEHNKEFHEIZY — L
TAHE2EERZEEH xR -THRETH AL (2. 20w, Y rFANYF
RV FTUy s DOEERET) VAN FT ALy CETMIIBS
L, SOIIHMEDME I MELEMNLAR, &Y — VEICIZ#EIEZA
EOHEBIEEL T RITRE 2L, COMEOERTLET 2
Zoid, RFFLEELHEETHL L LI, BHEEMOBEALL D
MBI RESERELZIMTH LD, HWEOEMIZEEET 4 Va3
RED—HOFEFFBINTVLEOPNHIRTH 5.

ARETE, WEOESFMERIC L 28MEEFTNE D OEE~ND
HBlELT, TA4—F¥ LIy Iorm2o008% A4 7TDYYY ¥y R
HATy b2 REL, ZFOHMEOERZIBET AL EZHBE L7,

BMEE, Iy - VR Lo TEEL2RTHOBEMEECELT T
B, MIEZ7ANVLAETE, BEXEEREz EHICHEETE 20w

=il

nNBd5. $abb, WEOBRET7 4 VAT, METELZENO L
R ) YNy FH ATy PEBIZEEAT A2RRENZ THE L
RBUEPH L7720 THAH. £2T, BEMERIC X 2 B0 ERWEI
LY, FOoOHEERERELT BTS2 L E512, FEMBR2iToTED
B BEE L 7.
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4. 2 REHE

4. 2.1 WEZYIY

TA—EVIZT YT E, WY By SR VITEBREIATY S
IXKI Ty Vv ThHbH., TOL Yy I vOHETLERIIWCRL, Y ¥y
Yy FH A7y POBEER1IICRYT. BITOY U ¥y FFTRT v
N (UAXYEA4T) ], AF-LVTIA— FEBER)THE. VYV
FRT7T OV = VEHOBEIL, FHOKMBRDOLETICAT YLV ANEE
R, fime LTHEHRDOY) VT2 AN, VYT LHMERAT VLV AR
TEURIARIATTHL., T, 5447 (E—FF¥47) &, A
F—=NVIFIA—DFT, YYDV FTRTOY—-NVEHOBEIX, A7 1L A
Wx 3MEREDYE, @B LT) Y 72HEWVWTAT YLV AR%
TVUVATE—=F (4MM) 2L, ERHORXAT YL AREHYE L -
WETh .

Table 1 Main specification of test engine

Car name ISUZU - BIG HORN
Form 4JX1
Displacement cm’ 2999
Cylinder arrangement 4 Cylinder in line
Combustion chamber Direct injection
Valve mechanism DOHC

Bore Stroke mm 95.4X104.9
Comperession ratio 19
Maximum power kW 160 (at 3900 min'l)
Maximum torque N ' m 30.4 (at 2000 min'l)
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Stainless steel

wire ring

(a) Wire type (A-A)

Stainless steel

(b) Bead type (A-A)

Fig.1 Cross section of cylinder head gasket

4. 2. 2 BAFERICIZEMEERNE

4. 2. 2. 1 BEFEEERES-V
MEBEEHLIMSEALTVALD, IhrEFREMEICHATE
DEERHSERE, ZoEMEIMNZRERTTITbS. LI2hFo
T, EMMICEEEEMRE A2 IR 2BA4B8w T, BEEMET



(a) p. = 0 MPa

Fig.2 Copper foil gauge with unevenness

HAHERBDTIRIERERFEL, BEEMEMRIEAT A ENICX
WEALTAEEZONDL. ZOBANS, SEREOEEMEEOEALIC
EH L CTHMEOETDWNE ZIT o 72.

WEBE S —J1k, A7 YL 2K (B 42mm, B3 200mm) OFEHE

™!

ENTHIBICEDEELA ETL, B2BLALEHTHO o 2L
TEBIVHAE LSO TH L. EZITH 26pm TH 5. K 2 (240 i
7 — Y OMER % ORERI EZRT.

4. 2. 2. 2 BERNEREON EMHELAERE

32, BEAMBEROEKREAMICET 2MMz FAH L T Ll
e LCHERERL., EHAREBELAEELOEMEREEHE 2 »

g

ELT, BE po b r ODBEBRERL TS, MFOMMBIE, R _HR
EEHWTIZIXREP 2T 272D THY, RATRRENS.

T o=ma Pl b Pt et (1)
TN, B a,b,clidFNEN a=—4.839X 107, b=1.256X 10", ¢=6.182

Eb. COWMBMIZBVWT, po=00DL&r =0&E b0, Zh
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Fig.3 Relationship between 7 and P«

B, HEEREOMAN FrAEMHOREBTH > THFHIZZ> Ty
LIRS brlzoeE2bNSL. M3 LY, COWERTS—T1E 900
MPa BB EDE N PHETRETH L E VR B, 72720, HIEEDNITL D
SREHSELHTOBMIZHEVERT 22, I3 2EHSER
BETKHRLAZEER, BESEVGEOEIPEL 22HBIRL N
o EHSRLHESECHEEKRITIE, BEIRKRTE20%, FH
TEIOBREE % 5.

4. 2. 3 BEFHEBEOHUZEMBIVHEFE

M4 R7HoOMEE EMER Ty - JICX2WESG 2R RLL.



.~ Cylinder head
- Copper foil gauge

Copper foil gauge
Cylinder block

' Copper foil gauge

Fig.4 Measured position and inserting place of gauge

My — VRO ERR YY) VY RTHET, BB EY) V5T
oy 2y, WERS—-D, YY)y ANy FH ATy b, MERS— Y,
NNy FTHDL. WELETEEREL, YU Iy FF A7
yb, YUY ANy FERVPMEIRICHSEEERL .

© MM FIEIE, BEHEEMEICE D EHA B EESRE G EEE
HOT3EBIZHTTHMTT A, TEHEIE 4ON-m( MV 2 E) THED,
2O B 60" (MEE), ZLT3HEED 60° (AEE) THATT 5.
10min #E 8%, WO LFIEIZHECVFEEES - 2 B 7.

@ LEOBNITHFEEBEZ>ZXNVIOWMAIZL BT ST o7,

N, RVIEROBAHBFEDVY) Y FNy FRD) ¥ 70y 70

%

MEICLAMEDOECIZLID)ANV IOV TALFRE) ZDODTH L. F
HLZRVMIAROSFEIMIIXLS Oz RV 0 h% 7t
(68.6kN)& L7z, #ifdhFMERE, 1 EHEIX 2t (19.6kN)THi®, 2 HH
I 7t (68.6kN) T #f i % .
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e (F ) %A OLSI000%) X VWEIEBL, MTHEKFY 7 MIZE
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4. 3 BHERRS LUK

NI ANY FHRTry POREOHEBTHIZEEZZ R T7THIIBW
T, LR ENHERES - V2TV YT ANy R RSy
FOBEMEFEOMERREZBRRSL., YU YTy FAXTy P OHE
RHTATy PO T L& EZTCEREFREMEBEZMNEL, 20
R E BB L.

4. 3.1 BEEERFEFLCESIMNUTESBOEAEREICIBITS
K7 HOEE

4. 3. 1. 1 HAVYV—VEBEFPIAYXYIATORE

M5, YU ryy 12Be23MOoKRTHOENZMELZHER
AL BV RLEEEABRLICBWT, [28E 23O R
rERELELT, Ny FEHT Ay V2 LmE, TAFy b)) vy
Juy sHETHE LTENDGAZEL TS, LEICBVWTKRTH
BT ARENOELFZ, AT EHBROEEZ S LIZLEEIZITHRT,
Y YFHED»S 3.5mm & 0.8mm [FED 2 EHOENEEL 2D,
RT7TEOPRE 12mm FETIHEEFZEAEENVTEL TR WVWI &R
b, TEHIZBWT, F7THPROEEL FLICEAIETITHHT,
U Y ESHEPS 2.8mm & 0.8mm FED 2 EHOENEEL R Y,
RT7THEOFLRE 1.2mm FETEENFFILALEL TV RZVWI &
bbb,
EhorHhrsrEF LTS THS U Y F4EDS 0.8mm £ T
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Fig.5 Pressure distributions between bores (Wire type)
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4. 3. 1. 2 FHAV—IVEBEFPEYE-FI¥AL 7054
M62obhbsddil, FHIZBWICRKTHIIBITIAENOAEL K
i, R7HFPRLOEEZFLIZEFZIEIEHRT, Y)Y IFHARA»L
3.5mm & 1L.Smm fFED 2 EHHOENEELL L), R7THOFRAFET
BIEEAERENPFEL TR, THIRBEWT, FTHEPROEHESL
FOICEBIRIERGHT, YU Y FHAE»S 3.0mm HEDOETIEE L &

-33-



450
—®— 1-2 upper face

400 [— — A— 2-3 upper face
—O—1-2 lower face
— A— 2-3 lower face P\

wW
[$)]
o

w
o
o

N
[$2]
o

200

Pressure MPa

150

100

50

; I | { .0
Measuring point from center between bores mm \ A
A:Cylinder circumference

Fig.6 Pressure distributions between bores (Bead type)
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Fig.7 Pressure distributions between bores (Wire type)
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Fig.8 Pressure distributions between bores (Bead type)
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Fig.10 FEM analysis for bead type
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5. 2 ERFAE
5. 2. 1 WAREZEITIEEAEREOER
MANERZETLIEAMNERI, E3BLEREFEICIDERL L.

Table 1 Composition of plating solution and plating condition

Distilled water H>,0O 1000 g
Copper sulfate 5 hydrate 250 g
CuSO4 + 5H,0
Sulfuric acid H>-SO4 80 g
Bath temperature 20 C
Current density 300 A/m?
Bath voltage 1.0V
Plating time 30 min

Fig.1 Configulation of copper foil with micro projections
observed by scanning microscope
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Fig.3 Apparatus for measuring pressure distribution
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5. 3 ERERBIUEE
5. 3. 1 WMAEEOEHOEELENKEMR
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MEOEBIIECTMOMHBEE 2220, BREOEME LD ITMT
WAL 2T T B2 b2 b
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T =
(a) P = 98 MPa, py =0 MPa  (b) P.,= 98 MPa, pq = 39.2 MPa
N=0 N=5 x10°

Fig. 4 Configulation of deformed micro projections
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Fig.5 Relationship between static pressure and contact area and that

between static pressure and real contact pressure

BLTBLLEF KDL, 22C, HIEBETHRANEEIZLD 4RDOH
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Table 1 Standard deviation of A,

Ps MPa A, pm? Standard deviation of A, pm?
39.2 425 32
58.8 762 76
78.4 973 88

98 1260 121
147 1820 165
196 2280 198
245 2720 243
294 3130 320
352.8 3541 335
392 3781 360

Table 2 Coefficients

« 2.276% 107"
B -1.782%x10°®
y 1.953%10°
B) 2.800X10°*

2, B, B, y, SER2OMEE LS.
B4k, Z2EFOREAFELEROEBEOE &= 1 1k &BITI,
ZEROEFBMBLY k3B EZF k=2128%5%. BREWEOEFER
R ICER T A2EEEMEN pu, TXXN L VRDOENB.

D zm ............................................ (3)
mur
A A
A,

X (1), (3) &0 puy 2RO, B5ITHEL L.
e DFHET ppm L ENRE pa DM ETIIH L THO N A/4 L



P, MPa
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98.0
147.2
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245.0
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e omO» > e
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O i I} H
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Pressure amplitude p4; MPa

Fig.6 Relationship between pressure amplitude
and contact area (N = 5X10%)
pe DEBBRERG6IZRYT. 2B, MePolmidkins. 3. 20K
BEILLIVBONLLDOTH B
P pa WEETHHEORRKEELMET ppa, 33X (3) & H
iR koo b,

k(P +Py)
= m A i e it et s e s s s s s s st e s as s st areennnne 4
pnul: [1)‘ /:1 ( )

R LEMIZEY, MBI IEAES 2 M IHRILD L) M E
MBI ETNE, ppa, PEMRTEZENRTFHENS. 22T,
6 L VEBEE 1V A 27 NVH) BLUKRTORIIZE W TEES
A OEERMEICER LR REEEMETD pnar.i & Pmar,c DB
RIRA L7z,

Pl pu WEETHIHEELEMABMICBITE2HERENIE pt pa
THb. 22T, ABHBORKLE (1427 IVH) THE, TOKER
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Table 3 Effect of py and p,n on H(=Pmdr, e /Pindr, i)

D Pm MPa

MPa 39.2 58.8 78.4 98.0 147.0 | 196.0 | 245.0 | 294.0
19.6 | 0.989 | 1.117 | 1.018 | 1.018 | 1.065 - - 0.976
39.2 | 0.705 | 0.816 | 0.933 | 0.929 — 0.988 | 1.021 | 0.988
58.8 0.778 | 0.815 | 0.821 | 0.917 | 0.929 - 0.956
78.4 0.797 | 0.879 | 0.936 | 0.920 | 0.967
98.0 0.717 | 0.817 | 0.835 | 0.860 | 0.922
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A WCETCEAEME OB T DA 2 MET 5121
Fpn DEBREZHLPIZLTBALED ®L. 2T, pnl pall &
5 AJADERAL = A ATz

x (1), (3) XY pul pu, DERI

iz & %1k
’ A'}‘ CI: p([ 3‘3 J:

5. 3. 2
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Donr =k Pl £ (Pan) crerrererer (5)
R LEMICE 28D E22XEETFIE, 2L mHTOEEEM
EICVER T AEEENIRIE pa, THELEZOLNDE. py=—EFDRK
T, pu BHALOETICONTETT A 2% 5%, #&ibo
BEBELLTCHBHARICERT 2 po  KXEEINEEEZLN
. 22U, par i ER (3) EEBICKRRNE RS

kp,
= N 6
p([).l A’/[—l ( )

FIT, WILORELE LR LHBO HE pyy E DB ERD, M7
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Real pressure amplitude P, ; MPa

Fig.7 Relationship between work softening and real
contact pressure amplitude
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Fo@Eon, xRXEn D,
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......................... (10)
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pm + pd

Table 4 Coefficients G,J,L and M

G 5.405 X107’
] -6.267 X107°
L 8.793 X107
M 1.000
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MIZHML20, EMEoRENREOSAMZRUELL. 28, BELK
FEN=5X100L L, WEEHAEEFOFLLALERT S 2 FMIIT

- 7z,

-51-



08 — P MPa | Pdo MPa
@ 147 39.2 R
07 r oo
O 147 0

<z
~~
o
O 1 i i 1
0 0.2 04 0.6 0.8 1
riTo
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(b) Combination of steel and brass

Fig.8 Relationship between A,/A and 7/79
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T, MBELENEmEICEORLL LD A4 238 (14) 120 A
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BRE2 K 10 12787,
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Fig.9 Relatioship between P, poand 7/7y
Table 5 Coefficient a,b,c,d, and e
Material Steel Brass
a 0.4476 2.9786
b 0.2491 -4.399
c -0.3604 2.6273
d 0.1396 0.4795
e 0.7574 0.7299
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Fig.10 Relationship between Dy/pqo and /7

Table 6 Coefficients a*,b*,c*,d*, and e*

Material Steel Brass
a¥ 2.5516 -1.0003
b* -4.1453 4.1187
c¥ 2.412 -2.8068
d* 0.2677 0.693
e* 0.7403 0.6367

Table 7 Value of  and 2 *

Material Steel Brass
Y 0.92 0.96
n 0.96 1.00
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Fig.1 Geometry and dimensions of apparatus

6. 2. 3 REMSBIVEEHNTREBTEOWNSE
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pm EEDIEE poi2xt L, EZBEBCEIVEDLR (=RNEN /K
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SEHEHNTORAEABE WA L. 288 LEE I 50Hz & L 7.
6. 3 ERERBIVUEER

6. 3. 1 EHEOXREHILCREBIRELENOE

212, SEEORKEEmE CHNITHE LK N=3 X10°& L,
HADEHEN @b ET py=137T2MPa % 5 2 TR LN RZE
EWMORTMRNERT. MOBBOHEBMAIET BMEE & O EFEE M
HTHY, puPEMTE2ICONTIOHEBO LD LEHAEEINT S
B hhb

312, ME L N=3 X108, HLrDOFEHEHEEHIE

(a) p,=0 MPa p ;=0 MPa (b) p,=176.0MPa p,=137.2MPa

(¢) p,=245.0MPa p,=137.2MPa (d) p»=392.0MPa p,;=137.2MPa

Fig.2 Surface of copper foil deformed by cyclic pressure (N = 3 X10°)
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Fig. 3 Relationship between surface roughness K, and pressure ratio R
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Table 1 Relationship between standard deviation of K, and number of cycles

. 6 Standard deviation
N(X10%)
Pq =137.2 MPa | pq =78.4 MPa
0.002 0.339
0.004 0.409
0.01 0.284 0.193
0.02 0.120 0.122
0.05 0.135
0.1 0.142
0.2 0.092 0.117
0.3 0.082 0.119
0.4 0.098 0.093
0.5 0.079
2.5
=20 1 L,
3 e %o L3 @ ¢ &
= [
W @
s 15 F ® @ ® o
g )
= e © )
el
%D
o 10 f
Q
s ® p,=78.4 MPa
29 I'le py=137.2 MPa
0.0 ‘ ‘
0.001 0.01 0.1 1

Number of cycles N X10°

Fig. 5 Effect of number of cycles on the surface roughness

of the copper foil



Original picture Binary image

(a) pm=78.4 MPa, p,=78.4 MPa, N=3X10°

% .3
Original picture Binary image

(b) pm=117.6 MPa, pu=117.6 MPa, N=3X10°

Fig.6 Grown grains appeared in copper foil
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Fig.7 Relationship between grown grain density and N
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Fig.8 Relationship between coefficient C and py
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Fig.9 Effect of pressure ratio on the occurrence of grown gain
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Fig.1 Plating plate with micro indentations
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Fig.2 Configuration of conical micro projections
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Fig.3 Configuration of micro projection deformed by static pressure

-74-



MTS MR S BRE B ICEE L, BLAOHE p,, 2 M THBEEEKL /2.
HEAWSR, N3KERTIICHRENGBEI AT LAEAET S %
BEWMEEAERL, HEEBFY 72 CTENAWEE L O ELEEM
W& bREREEHRMLOFHTFOEME A, xRk, 22T, BmEHEIZ
30s & L7z,

7. 2. 3.2 BELED

MEET — 7 OFEME I, | MREIIN4DOERTRT LI Z5HD
EARETL V), CNRERUEDEREE MTS R REBETIIEIHT
Ehwnin, IPIZHEHETRLAI)Y ZERERTCIAEZELM L,
HOBERBLAKOENAWNEBTH VT, BLICRTEL OREKE
B AEBELBENIZBWYWTHRKEN pua (=2pq) %, 50, 100, 150

MPa B LENZENICH L TRIEY EMmABRT E L.

TPI‘GSSUI'S

//_\ 7 P max
( \“ ..': I Pd
g /L

// .
1/2f s Time s

A 4

2 mm
60/n s

1 cycle (2n r mm)
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Table 1 Experimental condition
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1X10° — — O
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(c) Geometry and dimensions of test roller

Fig.5 Roller testing machine
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Table 2 Coefficients of approximate equations

w  mm 2.5 5.0
1 -78.469 -0.7382
J 394.16 6.4753
K -643.46 -18.102
L 388.91 19.189
M 168.77 143.94

Table 3 Comparison of mean pressure obtained bycopper foil and load cell

w  mm Copper foil Load cell
2.5 241 2376
5.0 153 168 =4
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