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Evaluations of Critical PV-values of Carbons for Mechanical Seals by Means of
Thermal Shock Testings

SENNOSUKE SATO; JUN-ICHI AIZAWA?* KIYOHIRO KAWAMATA?

Abstract — The origin of a blister, which is one of a main trouble on the contact face
of mechanical seal, is simulated by thermal stresses of a locally heated disk model. The critical
pressure-velocity values in mechanical seal are expressed in two ways containing parameters
of the thermal shock resistance 4 for the edge crack and the thermal shock fracture toughness
7 for the center of blister on the contact face. These parameters for eleven kinds of carbon-
graphite are measured by a series of disk testing method. Practical performances of mechanical

seals made by these carbon-graphites are discussed in comparison with the measured parameters.
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Fig. 1 Carbon-graphite ring using
in a mechanical seal.
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Fig. 2 Simulation of blister in the
contact face of mechanical
seal by thermal stress in
locally heated disk model.
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Fig. 3 Thermal stress distributions
in the locally heated disk.

CTIE A B ORERTERIES Ty, G D 7 = 11CBY 55
TERLEODTH B, T CIMIGEAIES] § RIKA T
EbhEh 5,

1+v
1—-v

5:0(1+VL/EK,K=< )QOdR/km)

MOIGADHIE T >05TIRIFEAEE 5T, FRDEE
TN G RIS B, KT & B EMmBEFHO duiNicid
Grr, Opp & BBERDEFEIE S Crrmax, Ooomex ZHL,
HHRAREE T 0 120 TH B0, GeldMEEITEN
AEHZETRRDFET] Tos maxTHET B0 BEOH
HEZEEFCHUOER OB Fig 3 5 bHlEES N
BEIICUNSBOBERTE 3, O EEEEOMICH
HERNTOEENERTE 2050, ERFIEADE
0 TH 518 SIEIEM MR RS AWIET] Tmax=—000
max /2 #ET B, CORAMISTEARBEOSAE R
ISACHA L2 R EIRAS W SE—IRBHEORR
iz B 0% 2RI R 1 BB IGEV ALB B OB RIS S
Ogomax KELDENEETETHSS, TNSOEIES
RbbArAMEERLa / RELUROMIEL c /RIC
XZEMLL, ¢ REKELLAFIEDEE, Tpomex
DERITTE BIERLE Bo

A A=Ay —v® [PV] BB O RAEERE, B
PAEITEY D QI AMBMEET 5D LTI,

Q=fPV/] (6)
T i fIE BB, | XBAOLEHE0.102kgm Ws

(1983)

Thb,

WEAE OEROEG I BT, NEE
grphE v ETud, Bl LUZ OEFEARRDE
SRR Fig 2R Lic & S ey v 7iRb=2RD A
ZHNY=VDY VT I 2 b= b TE D, VEBR
OIMEE QI L CRMIMAERERS  28BAT 5,

S Q= Qo (7)
S DERTFig. 2l BV OMAM OmERICH L CHIROH
BEBETHO, £ v OLERITNETH I E
LBBEEONHEAER L TRES ¥ 5, BBROHET
12Dk ISIEMEAS Y v o EEE LICEEREET 5 b
&L, $;=100& L7,

$9°, ARBRICES 2 RARIERITEIGT] Tgomax (3(6),
(TR K VRO X HicEbIN B,

Tpgmax =0pp(1—V) kK EARQ,

=0gp(1—=v) ki/Eab/2)S{[PV](8)
Opg MO F R o ITHEY § 2 S SPEAET 5 S
D& FTHLBRAETRERI [PV] BRAD X 51073
%
ok (1—v) ]
Goomax E ST,/ 2)

ME MO ERIS B ICH D, ZOELNEIT
KB HAMIGENIC LD EBURITAE ST B ABEESE L S
N3, bbb, TOHAMIEHICLEE— FIDIET
FRBH Ky 23— F IEBNEE K ol L& R
ZEDBEE & N5 & FlE BT 0 & 2BRHIic B L TE
TOTER AR AWIE] Toax = — Ogamax /2 (073U, IR
DEAGYH 5.

Toax = Tmax(1— V) k/EARQ {10
Tmax V& BIRTTHER R Ko DS PR A Ky o 1278 »
fo & EMPRNCERAE A 2 &g,

Tmax = Knc,/ San/ 70 1y
T, SHidES 2cDEHOBIREBHT, FigdDd X
5 IR — R R ORI T IC IS g A EE2 c D3
4 viRE B L TR

Sy=4dcosw,/ m (2-V) 12
Ll DR Trax DEREBTHTH D, v =020
i3, o=00&&S,=0.707 THRAIKKE 5, 1043,

Tmax = Si?%6<yw)kp/ﬁam/@)SJ[Pvaa
EEINC & B Kuc DEBREBSTILO0D, o0k
D Kypeld®— F I OBEHEME K c OMIKRAD £ 5173

[PV] = (9)

—EDBRYH %P



ek, &, X A A =hwy - VHREORHERRIC X BIER P VIEOTE 159

r
Tmax
7 7 77
Fig. 4 Stress intensity factor

in a penney shaped crack
by shearing stress.
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Table 1 Conditions of carbon-graphite
specimens for mechanical seal.
Specimen Impregnation " Filler Heat treat
. . pitch coke- o
H-1 graphite 959 ¢
R pitch coke- °
H-2 furan graphite 160°C 2hr
H-3 pitch pitch coke- 900°C
epoxy graphite 210°C
_— soot- °
H-4 graphite 950°C
soot- o
H-5 furan graphite 160°C 2hr
H-6 pitch, phenol, | soot- 760°C 2hr
polyamid imide | graphite 250°C 2hr
H-7 -— pitch coke 950°C
H-8 furan pitch coke 160°C 2hr
H-9 phenol pitch coke 250°C 4hr
. (pitch carbon, o
H-10 mesophase) 3000°C
. (pitch carbon, o
H-11 mesophase) 3000°C
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Fig. 5 Disk testing method.
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Table 2 Physical properties of carbon-graphite specimens for mechanical seal

H-3 H-4 H-5 H-6

H-7 H~-8 H-9 H-10 H-11

Specimen designation{ H-1 H-2
Apparent density

p. (g/cm?)
Sho.

rgshardness 59 77 75
Bending strength

on (MPa) 47 63 58
Compressive strength

oe (MPa) 98 176 176
Tensile strength

ot (MPa) 3 27 29
Young's modulus

E (GPa) lz 14 14
Thermal conductivity

X (W/m°C) 35 35 41
Thermal expansion

a (Xlo—s /oc) 4 5 5

1.70 1.83 1.86 1.73 1.85 1.81 1.60 1.73 1.75 1.65 2,00
65 90 93
41 59 62 49 62 71 72 88

137 216 235
19 26 25 25 27 30 39 45
13 16 16 12 14 15 18 15
383 38 19 12 12 12 17 126

3 7 10 4 7 8 3 5

80 100 100 115 85

176 196 196 245 196
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Table 3 The heating time in the arc
discharge heating for disk

specimens.
Specimen | The heating time t(sec)

H-1 10
H-2 10
H-3 10
H-4 10
H-5 10
H~6 15
H-7 20
H-8 20
H~-9 20
H-10 5
H-11 3
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Fig. 6 Evaluation of the heating
efficiency £ in the thermal
shock testing apparatus.
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Fig. 7 Heating efficiencyi f deduced by
the measurements of electric
powers in the arc discharge.
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Fig. 8 Mechanical seal testing
apparatus.
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BEUO@RO—Y v Fick D FNENEBB LUHICE
SEShica—RVEEY v IrBLUBEASIC X BEE
V=) v TERT, @3N T —@%FN L TiTdh@ic &
DIHESN, EhERBEOKEESN S, Oty tRL
®r L VMDKEES N 5,0

4.2.2 HEBH®

AH=ANY—-NADOERRRIZ, EHEBAOEER
& (CEH) FEHRARCEIOMELTY—AEy 7 R
PICEXL, Table 4 /R LB TEERET 3, COX

Table 4 Testing condition by the
mechanical seal testing

apparatus.
Shaft diameter 40 mm
Rev. speed 3000 rpm
0il pressure 0.68 MPa
Spring pressure 0.10 MPa
Surface pressure 0.94 MPa
[pV] value 7.06 MPa-m/s
Sealing liquid C~heavy oil*
Counter face ring Tungsten carbide
Testing time 30min,on — 60min,off
Cycle 100 cycles

* 12 cSt (110°C)

S L TERBITGENESCESRic2 &, [PVIE—E
OFTEEI S|, ZDFRERA H=Hhvy— I vOFBEHEIC
HhhBBIEHENP T Y 25 —, ZDOMOBELEE
2HET 5, T ODEEICIEEREES JUBH 55
2z LAY AN

5. ERERLZOEE

5.1 XA=HIN—IVRREMOBREGEERE

5.1.1 BEEIRR

AH =Ry —vRANBHEOERMERC O W TE A
DRBENT & » TEERMAEIT, INEER teick
WTERDBHET ZRRAOBNEE L oo MMBEHEA
CEBDFAE LB NEHIIC L ORI B HEBEBENTE
BA®RDEL, SUbHHSELETKBENOL VW EE
WE Lte BUGTEZIMATRERICRESNSY,
Bzl + 5 LEACTLE S HRICH B, Fig. 9{alid,
SEMR O & BFEOKT AR L, Fig. 9(bhcEEHR
ZOEMBEEE4TRT, Fig. I0KEBEBNOLEWE
D F - FRRE OSBRI 4 2RO THE LD TH
3o (HicBOTHHRE D LR E FIRIZ TN THET 5

2

10 g

H-11
H-10
H-9
H-8
H-7
H-6
H-5
H-4
H-3
H-2
H-1

e

Fig. 9 Typical fracture appearances
in the testings of the thermal
shock resistance of carbon
disk.

A ( Wmm )

Fig. 10 Thermal shock resistance
of carbon-graghite for
mechanical seal.
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FRAREBEET A EDMWRAEZRT,) CNTLb L,
H—11, —10BXU— 4 BIEHICKREEEEZRL, RO
TH— 1 B8LU—3BREOTEERLTW S, &1z,
B—o&EHORE TR, #MIESREITI L, BEE
EH A0 BERMSD 5, ERRSEREH—4, —5,
BIU—BIRBBEFICRON TS, 122, H—-1 &
H—3 FIZREESE0EEZRL T 5,

H—1, —4B8XU0—TREAEORMBIEMTH 558
TNSERBTIT, BEERAKRE 1L, gk
BRI aHNE B3 EREHERE I RS, L L5IER
SREETS & OB K L T —EDRMES S C &
FTERY, BEDRY, NHERAOMEHC DV TEIRIC
B BEIREE, MRk, MHEHHE, R
BEN o L DFHES N AEBERD/ YT A =S ok /S
E a% Table 51t/RT, THICE->T, RPFFRDEHL
& WEL DEITE W BERER A KT 5 &, WER
EoERICLDHENEICIZERND 25, HRIICE L
O EOVIIEERLTVS, LL, BIGHORBIEER
CRIETEELORBEORK/NMSEOHEVSDEH 5,

5.1.2 #EBIIEHERER

Fig. 11 (@ A H =H vy — W AREMEO 2 8=E
DEEFERLIZ GO TH 5, Fig. 11 (D3 X BUEEHD
SWRERTOBEMBEETH 5, T/, Fig. 123K
ZME O BHOXBURIEDO LE WEND ERETESLS
AFHRITBENEEr 2B L CHBE L D TH S, T
nickhld, H—1, —3, BLOH—-1IMFKL BiE%E
HLTWD, BEEBERSAEZ LS, BT LEEUL

v

Fig. 11

(1983)

Typical fracture appearances in
in the testings of thermal
shock fracture toughness of
carbon disks.

Table 5 Comparisons between measured valuess of the thermal
shock resistances and the fracture toughness and their
calculated values from relating properties of specimens.

Specimen A (W/mm ) o k/Ea (W/nm )
H — 1 5. 86 18. 2
H — 2 '2.93 14,0
H — 3 5. 75 17, 4
H — 4 8. 57 18,7
H — 5 2.79 9. 3
H — 6 2,43 2.1
H — 7 3.82 6. 1
H — 8 3.07 3.3
H — 9 3. 14 3.0
H — 10 8.25 12. 4
H — 11 23. 5 77. 0

13.
9,
10,
10.
6.

-

.

v (W/mm'/2) Kic k/Ea (W/mm'/?)
3 23,3
0 17. 4
5 21. 2
0 22,1
8 10. 1
1 3.2
9 7. 6
1 4, 3
9 3.3
0 7.0
1 53. 6

B N NN N
.
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H-11 7 2}
H-10 1Z z}
H-9 1%/
H-8 7z
H-7 772
H-6 17|
H-5 1%
H-4 273
H-3 77723
H-2 /7
H-1 -7 2
n
0 5 10 15
v( WImm‘T )

Fig. 12 Thermal shock fracture tough-
ness of carbon-graghite for
mechanical seal.

RTHIEBIIM A & VER R S 10 C &5 5o
Table 5 I BERWEINED <7 X — 5 Kic k /Ea®
HEEEOhEERT,

5.1.3 BT BMMANE
5 5.1.3(1) FEHGIEEE

KBS THT - 1 EZ43 135 0 Bk i N AUBEE T 2 RV
BT Ik DI EOMRRHCH LB T 3 RBET

H5H, SEIOERTIIEMIRL OIS BRI,

B b ERSMENSRETH > 12, 72, TORDOM
BP, BEfillEb B LOEREEMIEOLD /R, EFH
MERFE 32T, p=350kg, b=5mm, b, R=0.33,
r, =1.15 R=37.5muCdH - 7o, HitVHE U7z HRITIEIR
D2EMEZ LND, (1RBARHIEIE, Bk, #lES
BREICLVENBRERT 5 &, (RABMEH
FlOMEA#%5 FE 2R A D 5 & Th B, R
EPIC & BRKHEIME Pomax EFARDE & Zh &9,
Hertz DA (Pomax=2 P /7 b h) X DALROEME

THEFT B E, Pomax =16kg/mill L TH 57z BH.

EIOFEfEBRSIE, 74 o 2l L3E11~26kg,/mf TBH
b, SHBEFHEREIDNSVSDORTELEILEST
MBS & 578 CERNEET B,

5.1.3(2) BEiESEER

ZOHMNCR Y w NEETIFAROERER LD EH
FAEFR ) v MERLOFREL, TOEBREBIUEIEL
THIHICE S, BN OBBREIcLVIEL

1oo L ESROELISKEMEOERPRGERES L5
WHEITE 5 T &35 - o, Fig. 18 3B REMEI1E
DEZEIC L 5 Mode I B8EU Mode [T OREIEEIIEE %
HELz6DTHbL, Thickd EMIEERL 6ED
FHERLTHEOME LD RIS 28MEF LT 5,
& 5 Mode Il DM E Mode I Ot L D K11 548
ZHLTHD, Kic/Kic O Sz 3891, 1~1.4 -4k
K OFIRBE—EDOMEER LIz, BEBOHETIE S3=1.2
ZERA L7,

H-11 . o E?&ET
H-10 Py o O MODE I
H-9 o o]
H-8 * —0
H-7 —e—0
H-6 O
H-5 ® o
H-~4 *—O
H-3 o 0
H-2 °—O0
H-1 8—0

0 O.XS 1j0 1TS

Ke, Kue ( MNmT )

Fig. 13 Mode I and I fracture tough-
nesses of carbon-graphite for
mechanical seal.

5.2 ANZANL—NOERRBR
AR =Ry —NOERRBERIROEE (Fig. 8)
%RV, Table 4 DEIRFEHIC L VR L 7o, HERA A
A=A —nid, Table2 OFBD 5 HHEMEERC
TREORE (H—2, 43, —5, —8, —9, —10%
KU—11) [£20CCEMAERTRE U TRRET -
7oo EEEEFEIL100cycles, FH100METd %, EEBRPD
BELEO—FE Fig. 141C/RT, 1cycle I Bifflick i
BRGEERF110~147°C, BAKREH51~74°CT
Hoteo REMBBREBERFBROLS 2y FDAA

Fo ANy - WAERRBICERTE 3L -TWH 5, 3

HOME L) v&—~y F(EMNEQ, =5~ (B
i) 2@EXHI L TREFEREBNS, Table6 35K
B v S OERBROBRR, V- BBLUTY RS —
REUREDESSE 5 BREFHTHERLELBDOTH 5,
i, Fig. 16 3EBRHBOY v/ B8HE & Z OUKeER
BO—FART. 128, V—273OM, @MU Hn="H
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Table 6 Experimental results of
carbon-graphite rings

of mechanical seal. .
. . Wear Leakage Crackings*
Specimen (um) (m1)
\J T -
H-2 4 24 4
H-3 6.5 1 1
H-9 H-4 — — —
H-5 10 45 5
\ H-6 10 5 2
H-7 — — _
\ H-8 4.5 6 3
H-9 26 38 5
H-10 4 6 1
_ 1 hour H-]] 8.5 ] ]
Fig. 14 Typical temperature records * Blistering, pitting and hair cracking.
in the mechanical seal testing ls\tzmg]leglsug?gr is better in the five-
apparatus. ps evalua n.

Fig. 15 Typical appearances of carbon rings after testings
by the mechanical seal testing apparatus.
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W= VEDOOTENENEHBEMNE V) v & -tk il
FELRD, AH=ZANY—LDEDERHEY —7 L
TeDFHBITEEV, Cothiciy, ey sy oky—
WY Y TDEOD, Ty a0 —) IR EBE Y —
7bE&ENALHICEDLNS, FEIKRRLZOLQD
V=T, QOB HEEFERDS LLEHIAE WMERDD B,

5.3 TYURY—DRELE

5.3.1 7URI—DEBE

REAOBHE LD 7 ) 24 —13Fig. 15KKR Lk D
27y 7HEICREIICERER D, —RLTE-72 &
HICHA, BEHBILE>THLEVL DhOE Yy MRD
K& 2N o%2ES LI BEKOFROZHBBDON
b0 ELRBPLIFICEL->TT Y 29 — B EEET S
L, Fig 16ICRTLIICT) 29 —HPizLks LTl ~
2umBEORENHD, ZO LYy Fr /&R
LBV LEZBERbN S,

-CH-aT A

Fig. 16 Roughness on blister of carbon
ring recorded by a roughness
meter.

AL B 2 EhEE E LCCEBAEHVW 8, Fig.1s
HhBHE CEMMBTEIIME X D REBO—ICHEE
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5.3.2 TYRY—DFERE
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HEOE AN = AN - VOREBEEICE Y F 7,
ERBLUBERCHE O ONE T 29 -5 FEX Y
DHEBE L TRDOXIREZL S, BHFmIBFCT v 7
SNTEWBY, BN PEEN% EED 5 #H7s
EBASH D, T XD ERIRBERIIC K S 15 [PV il
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EOIE 73 E CTRBBENESEE N TohE, chiil
L TRARRRSKE O OT, BENESIRUEEERELD,
AR LRI [PV EPRAEMASE 5, C
DAERT I3 FEERHIS FeEiC & 2 BUG ST & SEEEIS 015
IZiE 5. INoDHAMIGITIC K DEHCEES BN
Rbghie— FIEOEBICHEEL, INBEHINL Y
FEEUTV RS —KFEET B, 0L BE TR
HLOEHREDENP+ v €5 — ¥ a VRSBOES
EEYFVIERBESHATHAS, UT, ¢hos7y
25 —DEBBRERIC OV TERNERE 2R 5,
(1) JBEHTIMEIC & 3 8IS
HRR DR.GENCSEIEA S i BEAR OB Hic B o
T, MAMEOP LB TRERIGBICH D, Thwi s
DEBNEIC LB AMIETC L 5%~ F NIEHIEAGE
BKy RF e — FTBERAE Ky KB L& &, &%
EEEET S, L L, Ky OFliokdicid S 8T
¢ AIRTE LI S0 A3, ¢ OEARIBLEOT,
FAMIES &S AMBEIL OV THRET 3, SAEAN
BUET] Tomax QUOREDIRATED SN B,
Tomax* B+ (b,/2)+ S+ 1

Tsmax = k (1=2) ] X[PV]

36

EHic Table2 D7 & ZEPHEWLEME, H—20D57 —
5 %HV, B=13.7GP, , ¢=5x10%/"C, k=34.9W~
m°C, v=0.2, f=1,3, S$;=100, A Hh=Hwy—
WDEBRSEHH S b=5m, [PV]=T2kem s (=7.06
MP, * m,s) $7 Tomax =0.028, J=102kgmn, W *s %
RATHE,

Tsmax = 39.6 MP, 36"
COMEIFH— 2 MoR0ED SHES N B AMRE 1=
27.5MP, x1.2=33.0MP, 2 120% LElH 5, L L, B
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WEMESE R S AHISSIREIT L UL, Tomax 1 1
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OopWH—2MODEIRIBE 0, ITE Lz S &WBEA LT
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09 =23.1MP, 8
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TR IC RS B SR I U 2 OMETIC I B
AP S IR ISR A B & 15 5,

Smith & Liu™i2 Hertzif QAL p = poy/1-(x2/2%),
(Py BEKRILLES, aZEMiBo¥sy, X (2885
BEED ICINA TER 4= Qon/1-(x3/2%), (qp=1DPy)
PRI ICE B OHEME N OHESIT> T b, TD
FHEICKZE, BARHOOEEHEMMAESL PsEdh
g, Po=2P /marisBfNH0, f=1/30D&%,
BREBIRDOLH I 5,

01 =—1.39Py, 04,=—0.72 P,

88
053=—0.63 Py
COEESRREAMIETIERD L H1CiE 5,
Tsmax:<os3—dsl)/2:0-43 Py B89

o5y [FIBEHE &936° DHEITAER T 5, Fig. 17a)id
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=
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Fig. 17 Simulation of blister in a
mechanical seal by sliding
contact load.

(1983)
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Fig. 18 Crack propagation of
a circular defect with

cracks by internal

pressure.
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5DMEIEFH— 2 MO K OELI2MND2 ic v s,
LopL, H—2¥MD7 Y24 -DEEH»S 2R, =0.1nnd&
L Ci=50 pmic AL, A=0.58L0 1ickd EE:
EHE 5 Ky =0.20MNm®? 3 £ 0°0.45MNm* 2 %18 5,
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Table 7 {3(1), (2 DOV TIEEHED 7Y 2 4 — DUl

Table 7 Estimations of stresses
occuring blister on the
sealing face of mecha-
nical seal.*

Center (Tgmge ) | End (0tpgs )

Thermal stress

(MPa) 40.3 23.1
Contact stress

(MPa) 12.7 19.9

Total (MPa) 53,0 43.0

Material strength

(MPa) 33.0 27.5

* H-2

OEAMIGS EHE T BIREOF IR ZRRL, ¥
B (H—2) OFhZTNOBRELHKRLILEDTH %,
NI & EEIG TAS 7 OIREIC B 1 AEAMB 5T L
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