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The Sliding Friction of Jewels
* By Yukio Miyakawa and Toshio Fukaya

ABSTRACT : The shdmg friction of jewels was studied under dry and thin-film conditions. The

~ jewels used as the plates were artificial sapphire, ruby, quartz obsidian and glass. The sliders wer\. :

prepared from _varlous metals, such as steel, brass, Cu, Al and Sn as well as from the above me_,nf ,

_ tioned jewels. The cosfficient of friction varied conspicuously as the hardness of the slider varied.' »
In dry states, artificial sapphire or ruby used as the plate showed the coefficient of friction of about’
0.2 for almost all sliders, but about 0.6 for Al and Sn vsliders.' Quartz, obsidiaxi and glass showed
large coefficients of friction ranging from 07 to 1.0 when used with sliders of the same jewels as
the plates or sliders of steel, ‘Al or Sn, but showed small values of about 0.3 for brass and Cu
'shders Exammmg the tracks t on th‘, plates due to friction, we gave an' interpretation to these

results. In general, the cos‘ﬁicxent of friction dropped to about 0.2 when clock 011 spindle oil or
castor oil was used as lubrlcant. ‘

(1949 22 5 § 26 H & 1)

HRZSTHCBERHBROME L LTEAC-bhT ‘ .
: - . : B B & 2
BB, m A BERHICOCT, 205 b B - s . N
R EEREFEA E o\, HIEME VBEARMETERY 77 17, PE- K,
HEHOC D BRI BIC HE L*C—%J"?E - RIER, 77 AORBHERICOVCTRAERT, B
B EZORTVES, RLTwhksERgEy — BCRSERREF—0h,. Nz oER 1/87 o
YD, E:J&ﬁ@zﬁ:ﬂi’ﬁé&%m%uvgnzsm\_oxn 7 v AGHER, EfE 4mm DERE, s x B 1B

TEBETOR. N -0 T
E B | 08—t 8% |

EROER, FRILFIOETIHREY CHELL # 08 ' v /\\ B
b O LF—Th 5. R O]
FRESBERIAEY 75 ’l' Y, Nire~, kdd 50.6 — \

T, FOMBER, 77 AT WRETOR. - %05 ' \
EREIABBROR L F-OF, SuZHoEr [ . | \

U ©2 v MK, Wi 4mm SRR 04 v

S, TAs =V AT B 03 \\ '
K& :-fLﬁFﬂ&%é@'C%ﬁﬁdlLEEtcEﬁ: 02 \ \ :

B LCH, BBAXETIESET 2Lt 0T : 1

RCHOTEI L TR R L. , 0. - o
75 ARGEOBH & Fi\ e A AR T B : 0

» 'S5 Z %Fi‘”a' A H74 %t ILE=
BEEEM & UTix, b3 0.05 mm/s, FEX na- wE. & 777 =

e B RIR )
SHEMNS 1kg fffﬁi @ﬁﬁfgﬁyﬁhﬁ 21 BRI 1o & o BEREAR & [l —
16Ut OO THBIEBREE Kb . e

* This document is provided by JAXA.



ik QG S \
®o5 \
e R | R
0.3 ’ :
ol
O :
N> RS Kéa 7721 LE-

AN _ ‘ST“\$—“*“

72  ORBAPRIEWATEE H3E H5-6% (1949-5-6)

£Th 3.

Iris stick-slic (M- D) DR RT D

OREZICONRL 5 IRTHOBEBFE TR LTS

39, : .
SRBEHEIS R R T R T 5B A
& A ORISR CR L.

e — ,'
03 , —o— IR

TR
2 —t

L ¥

B2E EERCRMSHONE 187
' @&n&mﬁkﬁwk%%

.05, —
04 o= Bk
& -
H ﬂ*
03 P ol 1 ’

B el ﬁ\?*’§+__*“'

o5R BB K& H7->Tv LbE-
' B B AR )

B3 E BEERCHE Anm oEREBLEC RS

05 , —
. -o— F7 IR
%04 : - , o
p 095t
03— |
OM._
72 BB KB HI771vY -

iﬁ‘ 7 1R
B4 BESSHE C A Amm @ﬁﬁﬁﬁ:ﬁﬂv‘k%‘*
42

BLEOREOROMAE OREY 235 LR H
t UTkdiikéh, BRERIERE, 77 A/#7 A0
BERRCTRMEBORE0 L LA ULTBAL 1
IZECTERITA 2B EEBR B 5 LT s DB
CHifE-c b OBEEE RT3, MeBok
€L ZF LR U REEEOEMEL H5bhT\ 5.
BTy A XIF T £, A=A - B
REOA 0.15 BT b OB SRR LT\ 5.

2 EOHEK 1/87 ORETH I v ASHER T EERIEE
)3 LTHWREEX, VY7 -A %, ¥ ~ TIXBEEEE

5.

—RICE O hEIIERIT NS W E AT IS

OThHBH, Kby, BER, W x@ﬁ@ﬁﬁzg&:gp
Bl e x ¢ 0.7~0.8 %57 LT 5.
30, % 4ECEEECEA 4mm ;g;;;*ﬂe,ﬁ

o OEERE, SETR AL 2 OFRITOWT ORI
HEER LIz OTH 5. {—o{ﬁm\ﬂm 0.25 g

B CHEHYN S v,

WOTHOL VEER—RICHE L Sh B BFL
B/NSVERERT S O T BEHoMesRIc D

THELSRFCE VERERTHE0L 5 H 214
3. ZRIHCDOWTREBONROF CHRICERCO
k5.

B EofRToTh BIRIREICOWT T 525
R TN LB E U< 55 158 A B

Lz BBAEYFA, AAMBOLELTRAL
. AREOBEEREE R L EICiz g LT 5.

B 1EHOREOROMATICACT, ks [k

dh, RBAIREH, ¥7 A7 7 AOBETRAORK

RBE T, RS O TR (-0 )
BB U, BIERENRED FHETB LT 5.
VY75 A4%¥ 75 4%, rE~(ne -~ OBERE

BERORNZIVINI O THC X BEEOE TR

LS et BE0RPERLTE S,

HLEO 7 & MERKSR, 7 v AEHIEEE, 7
v LRER A5 A @%%E%ﬁ@&&@%@b.%ﬂ.s D
0.2 fricif b L, EEESHE D ERRESO (HE-= b

DB VB LTS

2w BV 7 7 4 ¥ T 0.2, o AfERIA
~ T 0.1 OoFPHRLH .

B3 E 4 B O SRS, o%‘*mvfhé
0.1 fLoFPaREhTws

L£] i

%ﬁ92~03Rﬂiﬁﬁub@@%ﬁ%tmbfV»

This document is provided by JAXA.



HRREBATBFET I HE $34% %5-68 (1949~5-6) 173

Frfioin BECROEEE TR 7 4 ¥, ¥

-~ OFAFRCTOTh oz VEEITAEL, X

2 v AEK L OMARITRVCT bk, BOREE, #5

ATRECSKRECVELRL, E&B, HE:OfT

FTICTHE 0.3 fEO/NNMER RT.

AHOROH AT RTE VEEOARBAD

| B AWRAENS B OMATICIAY i 0 B - B
LTASICEZE bh%@raaw,ﬂwAﬁﬂ@%
B LERE, HEE @ﬁaﬁ}’ N B VEEORNIIT

RO S8 S Bo DEHOBAIILLTHEL

B TD 5.
Bz oFrlb s BedIc, 5 piEER
k&, BER, 77 ACONTHOSE OBHEET

IOTEREEAR. £O—fl LTEBRCOWT.

- EEBEEE OFRIA & BIEERB L OBRESS 5 Wi RL
feo ' :

[ Pr—

o

ool — DRBES ;
Rom. s
® 07 d—— : T 2
3 06 NERAN ™ 6 &

o N\ /1

03 A\ 3

02 2

o |

YR wwE oMk W &R 8 A oL &

NR®
BOSE EENCEREEACRHE
555 EDEEEOMRIC X D\ i BEHEOR
N IHEAGT B oD, mREICEEEEO € ~ X
BEELSETRLTS 595, BHEO © ~ AHEEOA
FCEBBEREIIATD b, KB - ABEOAN
RHHILTOS. FLTE~ ABEEORS VT € =
U A, SBTIEHICEAL TS,
U oBtR S EEKR (R) O%ELOLV‘M{E
%%B«égmlcf%jamkén# o
EILIE 4 DA ETHRT Y 7> 1 %, MY ~OBE
EOWVTRLE, VY7, AX[F T, 4, LE~|L
E~, 20 —AER/Y7 -4, 2vafiiRire—
BRIV 7 > 4 ¥, E R [ € ~ZoFHATTRNT

B BRI D S NT, BONCEREC XD

TEOT Bt d LWEBI X R RETh 5.
Kk @ikdh, BIERIERE, 77 R HF AT
EEECE LT E TR L b & OB obk
DT\ v ’
rw AR, 7w ARERIERA. 7 v AR
H 5 ATIR, BEEEOFICEENOFEENADTE

KEZRIRT

bﬁ@@E@ﬁA@ob%Eruﬁﬁﬁim T
WAy, EiCEEA Lsgih B KA, 52
HEOBR A2 ERECHRBMECA DTR T
arcoﬁ%mfaszémﬁr%@Eo%%Kt

R ICHERT, i 2 I EBRORSIEHES0E ¢

gih H MR 0.03mm TH5.
Bk s, BESIEER, BEREIv 3 X T,
2 v AR 0r F o EEECENBRED ORI

BV ﬁxﬂﬁlhﬁ‘ghf?m‘JE@W@LI"@M*OB&‘Q'C‘:‘

fo. ESREIKS, EREEER, E&RB/7 7R TR
Bl O 8 B B RO OB 2 & LT W E
ETHOVTBR XS ARFE b AL h
SRES K, SHNEIEIER, SAEE > X CREEELE
5 VBERICOVT RS T, EESREOFTHRT
80 C o E N REHESRETHOR.
Trs =y Ak, TA§=vABIEER T
=V alk/ns A, BihiEka HEIRER,
%ﬁ/ﬁ?zf&ﬁ@%ﬁcghawﬁﬁwmﬁbf_v
e
%Of#774?,ﬂt &ﬁEOEOﬁA@O%‘
BERT, = VEHEOE L A VBARE R
Ba i\ CEBECSh B ¥ E LT B0,y BCIRE
WOMRIC X Vi ihEEL TS E, B
B CF OB R ORECHE LT 558 T

5.

'%fﬁgmﬁvrmﬁen&motanamv»m*
LTET 2R EL TR, RIREERTHEETD
BHEEH T SR ROTEMEE BEE B LA

FEBCHRET 5O LELONS. SOFEE IR A

SHERIT & 30 5 TS CIEEE LT3 b C OO HOR
MW oMEEREL Y IRECEAETERETH
X, oESOHELES Eikosin v ET 5
CEdELLNG. WRE—EHFACEOTS. 8
R 3 ERY o THAC, EbEETET 58
BT ¥ TR ROLEN Thh s LT ENE Y
$U, BECHUERGFoSH o TEn R
T3 L LHEEGRHAWCEE SN TS0 Td5 )
1 &l ko TIREE OR D ICRE OB L Ry
¢f%$%§956bﬁf%®ﬁ0%#KIOfﬂQ
TLBTHB5.
ﬁ%@#bKEDﬁEKOMf@@ﬁOEEbe
uD%%EﬁtféﬁiﬁﬁﬁﬂEcﬁﬁpr6é
or¥zcroEREh kvt lFEom <
3. =

43

This document is provided by JAXA.



174  RRAREISRESEE H3%

. IR
“momon | m@ms |wmke | LY
rea@ER | Kk & | 1 400
rm @ik | BHBAE | 05 220
suw AR | BmEAE | 1 170
" &% # |(=mmA | 1 100
Fri=va | mmE | 05 | 18
FI=0a B | A 1 | 9
TrL=va * & | 05 | . 16
Frs=wva [k & o 11

B \CREAERBIFOLOT, BIERO

%Amﬁﬁréaogobf%6¢kﬁ@ﬁf®9f

EROEMBNTEOME ) bRXCTHB 5. #F

x(ﬂ@ﬁf%ﬁ&f&&ﬁ)@ﬁ@ﬁ%mﬁ&aﬁ
- kg/mm?, Kk SOMBIREX 160 kg/mm? {i CEERE
.LynA%&&mh#t?a%l*kréh6m<%
‘oﬁﬁEﬁumm,ﬂ@E,ﬁ7x©ﬁﬁﬁﬁiﬁa
iz @Ot 3.,
@Ofﬁﬁkfﬁ%@ﬁ@%L<EVmA&fu,
%hao$ﬁ BR\EER EOW%%$LL0@§O%
k?aoaé%f&éﬁ. o

V7rAY, pE- ’C%ibva&%@%%ﬂAﬁkﬁjb -

THIRA BRI O T2 O BIEEERRII KR, B

WBH, #7 ACHBRLTELS /M eb5s2%, chizd

7y A%, Y~ OREERENE L AT b LK
ABNB. ¥7 5 4F, VY ~COWCIHERREOE
ERE B&mo#m_n&@ﬁ@ﬁﬁmmmkgmmz
EWSIEFCARETHS 5. s V. Stottho
YHy FEROERIERCTIRIATYS.

&7 w 8RR | ¥ 7 > 4 YOBAIONT, Hertz

-Oikxb%%ﬁﬁ%ﬁbétEXOEE%%Eﬁu

, ﬁglkgLﬂLTSWkgmmzt&a BHLYZ
A Y OBMREA R 0 TR C ORE B CE
'ﬁ&ﬁﬂf‘%OTQQEﬁLmL#FE(Um)D
BETL, TOEMENRY7 7 4%, A~ OHE
BEX Y IF LD TKEOHN, BitEET 5%
TEFTHS. BOTH7 7 4%, AE - OIIELD
SoREEERE 5 BA L, K& A,
Oﬁn< HCENHEET, BB L OB L
rﬁ<%AtTm&%@TbﬁamLLb@§mxg
COITERTHS 5. ‘
_ ﬁﬁE@E@ﬂA¢®% 16ﬁb$#ﬁi?at
b55. @BK%:%&E;ﬁ?Zf@%%@ﬁLI

44

WA

- SIS,

%5-68 (1949~5-6)

b B EEAgES OBk xibﬁ@ﬁﬁ*%%b<k?<&
6m,%774?,»t~1uﬁ%§ﬂtﬁﬁ&$#‘
BIRESTE, HOTHE LT 5.

s, S E O SR ORI, 7 v AR

HUTEEOBCHEIC L A EETROEA, KoTE

BB OE T ERE VBT, » B 1
KTy RINTW5. BRE/BRLTHE 1kg ot
ETEMEAE 100kg/mm? CEEROHFREC I
ITHET 3R THS. B0 L TRECHREENIX
ﬁ(&%ﬁ&éé WOTHGZE, HEoL#Tr "
Aﬂwo%%Lmbf%b<§%% TR BB R
Eﬁﬁbﬁ@%%&@ﬁ?&mﬁfsmﬁ%t%iﬁ
Bh5. , o .
oA LTERT AL, TS 2 Y A,
HEOESCHOTI O L 2F LRTRTICEE
DN BEIT L VBRI 0% L MEF 2 5 T55,
7ﬁ$ﬁ%uﬁo%mmm%bf307»s:?4%
BT VEBOREVEHRZOSBONRE LSS
OLEZILRLS.
ﬁOfﬁﬁﬁ,ﬁﬁwﬁAmﬁuyuAﬁ%©m<
EE%LL@@ﬁQOHbegﬁoxgv%Aan-
T =y A, BEOmM AOEECSBEMEL
T VEEOA T CBE OGO FH, Bk
Eem 2 XBRCIA L E2T BB R Y ADT

B OEHOBERTEFRICSH 2 ) Ch BB RETR

PORBEE DR Db TS,
 EIBEEEOBES U SR OME = ) BB 0K
ANCIERIBIR LT B b0 T, BRI SE
BN OTEBIEAIUNS S BCHE Lotk v e
BamEEr LTRCRL 25 VBRI - X v 2
5. CRRABICHELEEH TS, LreBok
AEOL VEOBA L FRTHS 5 15, HOBER
E@%Eﬁb&@&ﬁOEﬁoﬁgbﬁﬁuﬁbmh
B0THB5. J

® B

- AEBOMRE ELDTHISLROBY TH 5.

(1) FEOROMARCEEELLEY 74 v
M€~ TIRBIERIRE 0.15 REOE AR T,
i, BEE, 77 ATRREMSBOoREOL 22
AU Y EERF LIRSS 0.7~0.9 THEEES
WL ER LTV . ”

(2) Y75y A4%, M —~%2uafRiR ERE,
“HE %5&&@@%ﬁom~osoﬁu@&
R UBEHR b FRA & 20\

This document is provided by JJ-@(A.




REABATEFATRE H3E H5-68 (199-~5.6) 175

5 0.2~0.3 K3 }

. SBTEBECA LY, ROV 74
¥, A ¢ - OFEHA T TIRL ) EE TR,
0.1 BEEEBIENER U TR b, HicX 5HEEE
TR oA b BIFIC TR ShTw 5. o

AERITEE LTIE s+ X VBT O EIRICE B
’KUEQM@VOVTE*@ﬁEXEhk.;LLE

(3) k&, BEE. #5 ATEECERE (20
A89R BORY TEELREEE, EECEhE
B IR e U YRR 0.7~0.8 It 5.

—HRCEEEE (T3 =2V A, 8) TRECRO
mﬁkﬁ%ﬁ%ﬁ?éﬁtxbﬁu<m@§m&mk

ChHB. BEHEENE R HOL &, & ICHHTRGT

V@E®ﬁﬁw@%7&9ﬁ6$$:Rﬁ%#ﬂﬁ?é

H D ) B N OB R 0.3 2R L, <@meﬁﬁibiT

ZRAER T2 A&@%{%DfFQHTKYIO : X ®

T 5. | (1) &, E, EIWHE 2 (a048), 2.
C(4) B, Ay FAMSORIEERIEET (2) Mkt :

Ak BEER/ DR, 77 A7 7 ARUEEE (3) V. Stott : J.Inst. Elect. Eng.,69(1931),

LpnvamdzML#%AD@ g@a m%wg 751,

. BRI F-OBNBHFE
o WO & B

A 'Thér‘modynamical Ca.lculation of Steam Ejectors

By Yoshiro Katto

ABSTRACT Although stpam—ejectors have long been usad in practxce thare is no thﬂory of
practncal usz for calculatmg and dﬂsxgmng @Jectors even now. Most of the designers hava hitherto
been obliged to depend upon' their.experiences. Concerning the theories of steam-ejectors, nearly
all the text-books mentlon a theory similar to that of Stodola describad in his famous book. His the-
ory, however, is too s1mpL. to be.useful for the design in practice. G. Fluegel attpmpt°d to solve.

' the froblem more completely by h ydrodynamics, but his- theory is, on th= contrary, too complex to
~ b2 of pract1ca1 use. :

 In this paper, therefore, was introducad a constant called  ejector constant »» for the ‘convenience
of calculatmg ste am-e;ectors so that the dimensions of st°am~e)ectors could bz determined thﬂore-
tically. The cause of the so-callad hysteresis phenomena of steam-ejectors was also discussed. '
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