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Savings in maintenance

and replacement costs

Savings of losses
consequential upon
breakdown

Reduction in
energy
consumption
through
lower friction
Savings in
investment
through
increased life
Reduction in — _ of machinery
.manpower Sawpgs in ™ Savings in
lubricant investment
costs due to higher
utilisation

ratios and greater
mechanical efficiency

aal1) Ez2lo|g2X|E S8 okl Fz1]
(Jost B34, ©$=¢million, 1965 values)

AAEREEY dAAAM1959)Y e
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Oe A, H$7] 279 AN AFE¥eR
AeH £9& FE3 FAFA R @y
nese A, oldd AEAY sEHY Fe
1871ed RES Rk &3he Ao, o
GEF} Ve 2 J1AZE - 8% 8- F
SA8% Fd 2F FHI9L AR Q)
REA—AR FA7] A9 Y-8
8o dE ode o He AYUL” =@
AANA FatRde &8 EREO JA 71eR
odA & Fel7t Ha de A& R T
dsol gt HYHAAM WEFole dA 3
U 1A3d 443 F@Ee FEol #o
fe A 2o

AN EgolEEZAY} dEGMY Fo9
T8 3 MdH Aol A FYE Ao
Zledde Arier A& o] jx gid

Egjolgex] Jlgd 3YEY ¥ Ad7EY

BAole YRINE EdlolEex £oE =9
39 2814¢ 2981 o
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2 £833Y AT E ¥ 229 FLL ¥
FAFE ol HEE A9 A, e @AY F9
R A AR HEE dZFsa @A de
Nes NERLEA 71A - AXNF nFAS)-
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EEZA g% YR Hefold. uFqMe 9
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E1o| AAF wpe} Zo] 42 BFST AR
v 9 EglolEaXd F dquz HFZE
H}E 438 23 vF9 FUA AvF 53
%E ZEANZ e Aeg EMFHYed E
gro] B2 X 9] R&DY| Lo diul oA H7w
&2 ALY A7 AFFAAE 628lo) Zale
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Edo|ME Edjo)Bax dATEIE Hu A
E3sle R&D Z2ZAE AYL 19769 FY 2
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E1) E20lB2R| RED 4B % Oluix T

(ASME, 1980 US$)

" Potential Energy Savings
Type of Estimated
Program area energy % US R&D cost Benefit*
used consumption G¥us/a M$us ratio
Road trans- 0il 22 89 16.1 55
portation
Power gene- All types 02 09 32 30
ration
Turbo- All types 11 44 78 57
machinery ‘
Industrial All types 18 72 76 93
machinery and
processes
Total 53 214 H7 62
. Savings
* =
Benefit ratio = 155 cost of R & D
2) EBjo[EZX| R&DAHE 2.3 B8NS HOo7|E2A9
— Ez2io|EZX|

(%9, BMFT-FB 76-38)

Group Sub-group Estimz_lted R&D
cost In 000S,
DM(1975)
Dry friction Friction of solids 10210
Abrasive wear 16,350
Fluid friction Hydrodynamics 4,893
Eiasto}}ydro 3760
dynamics
Boundary friction 2,120
Megsuring and 12673
testing
Materials and Materials 12,061
lubricants Lubricants 2,453
et design 584
Maintenance 4,800
Total 88,023
Energy savings 6,250,000
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CHEMISTRY
4 Lubricant and
// additive condition
/
/
ENGINEERING
Design
Manufacture
Maintenance
N
AN
\
N
METALLURGRY
Bulk material and
surface properties

Heat transfer by conduction L

Lubricant condition

Changes in material structure

7 CHEMICAL

[ Deterioration in
lubricant and )

\_ Surface_condition /

TRIBOLOGICAL
BEHAVIOUR
Determined by best
available means
/- ( ENGINEERING )
METALLURGICAL \ Measurement of /
Change in surface Y physical

condition and /
St/

N —

Deformation of surfaces

Wear particles

T Heat transfer
by convection
Surface films
and topography

vol a2 A Fo] wWaeA €k TEEDY
A AoMe 72 FA widde JF 2
=35 2 Ad FF YTl &Y ARV HA,
ol J|EoE EFEAC FFAA, A5 7
AZbE By A%, 24583 ZHAN Y AREA
2 BUEA, 887 ZHAA FEA S F7HA
24 R 54% T3} g #Ho| Fue
< A =W Asq mANHYG T2 W3}
33 AL HWY zo| HtFHoz A3

Egojg2x Jled FHEY ¥ d7EY

J82) diEse sk= AT 24

2o olgd A A M E &EA
THE vtRYA §4o] {87 FELE AE
Ha o

a"2E 7 A¥AHQ &¥ A2HE JE
RAoltt. 28y} £ XHFH 02 AU ¢5¢ 3=
EPR Al2®(tribo-system) & T8 BH H30)
AA G upek o] 7lALA ®u ol Z4F
AAE 2 FFEY JIA AR E
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FRMR D

Elements of the system
Tribological system Tribo-element | Tribo-element Interfacial Surrounding
(or process) 6)) @ medium medium
(moving or (moving or €)] @
; stationary) stationary
Sliding bearing - . shaft : bushing lubricant air
Band clutch shaft band - air
Disc brake T disc pad contaminant air
Worm gear set et worm gear gear oil air
Cam and follower cam follower -~ - lubricant air
Printing unit print-head paper dye air
Audio pick-up . record sapphire tip - air
Electrical contact . ring brush spray cover gas
Locomotion o | wheel rail contaminant air
Pipeline L fluid pipeline - -
Wiredrawing | wire die borax air
Hot extrusion billet die glass air
Turning i workpiece cutting tool cutting fluid air
4) L
(1) Tribo-element(moving)
® _;—__(_13_.—_4_—”, (2) Tribo-element(stationary)
\i\_ ) \ 8; glteffacial element (lubricant etc.)
\ nv1ronment(atmosphere)
- System envelope

A5z 2 FALAVIZ EgR A29d 2
AFE AL YE LYSE /IAFY I
¥ 24 - 1He F2Y, 2L FP&E
FuolA A7t 8438 HY) AR AL
13E59 F9 EVEdMe 3d ¥ F
ol vdetde 283 ol d% B,
ojgtz & 715 @ A 2 7Y F9 V€
olg3te 7oA dz271eFY st A
£F 299 #dY EfolBRA Vg2 A

H

el eRels B ¥

#2 9771 #9931 4
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AsRE HE 7JARFS

Aol dol A vlnd &=} 150X200m/s, 714 &&
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m/se] I&o) g3ty glon, oy FoRE AL
F718 Aol TN BKEZ&9 A4S
A&7} 50~80m/s, ol FH AAL %
m/soll €3t 1471417 Ao FUFn Jon,
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olgid EAE sFdr) AT wgez A
ALt &&ged g Q771 @3 AYgHn
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A=E ek B LE45E g4 8o
FHEF Wy Fz2E AAseEE A7)
YT Aok A 430 Y WL W
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M &7t 3& FEHFE ASFHoz B
AFE Yo s FU9 BHZEH fmkd v
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Ade BAZ 2374%F9 28 139 {A471
A4S gozi wAEY. od g gHyoze
AojduolZe ¥4 -Ad 2 FHdE 3

23 4 o gash

GOl A AHE vt} Zo] m&IEL HlojY e
A7 2 &8V PPz #Y @ Aoz
1&71E0]l &8H7 AHME Aojd Hod,
371 #Wo¥ (air bearing) 5ol #F Eto]Bz A
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12AF F9 EAvle AAAAAAY IC, LI
AzZA 2 FHEESR d8) $493 o =
AFAMe F85AHol Uit F9 2y
A5 wle dEEg FE/T7Y Bl o
TFALe 285 =1 gl

LAZE FEAE FFAE AYGH g
wgaly] AlFsglon, A NASAY ulgulel
dHE 3% AFE SEAE Hustn gk
1AFE L84 & PFPEY} CRE 7|Eo2 33
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X, 9 &EA I E3 958 He
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4E3te PFPERY F719HE 20°CAH A 107%Pac)
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Z1gol®, FAEGE I7HY AR AN HAF
7L & JleolH, gAY ¥E R &

e Aol 2 of7t U

Naval Research Laboratory

Naval Ship Research and Development
Center-Annapolis

' USArmy Fuels and Lubricants Laboratory, FT.
Belvoir

Army Mechanics and Materials Research Center

National Bureau of Standards

AF Propulsion Laboratory

" AF Materials Laboratory

BB

NASA Lewis Research Center
NASA Air Propulsion Test Center
Naval Air Development Center
Watervliet Arsenal

Picatinny Arsenal

Oak Ridge National Laboratory
Argonne National Laboratory
DARPA

" Rensselaer Polytechnic Institute

Massachusetts Institute of Technology

X B

Univ. of Connecticut
Virginia

Southwest Research
Midwest Research

Northwestern Virginia Polytechnic Inst.
Georgia Tech Cornell
University of Calif, Berkeley New Mexico
Penn. State Missouri
Ohio State Dartmouth
North Carolina State Oklahoma State
Univ. of Pennsylvania Minnesota
University of Michigan Delaware
Columbia

BrFBRR
Battelle Franklin Institute

Dayton Research
DARPER Labs.

Pratt and Whitney Aircraft
Mechanical Technology Inc.
SKF Industries

General Electric Evendale
Westinghouse Research
Teledyne

GEO-Centers

Ford Research

&

#

Advanced Mechanical Technology
Ball Brothers

Sikorsky Aircraft

Cummins

Hughes Aircraft

Effects Technology

Boeing

Ezjojg2x] Jled FWEY ¥ d7EY
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42. EZIO|EEX| AXSE

421, ofE . 2% 0l2

329 EgolEax dFe 4839 7en
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7 FFE o|F1 gt

npge] dig dFe YeRAR R ALRE
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AARED #FAHME ANNF HFERY ojnE
e AA 4839 AAE Yoz F=g3
AFAFE Bolx Ut} ‘

A g AFe #ud) £y o
Z3} PTFE, MoS, ¥ 7]gt 12§ Zegnrst 3
A2 MiEHel &3 AAREIHY FERY
M & AHE Holx ok AA FFAMe
olg} #AsY TAZEAY HAFH Ao AF
MA data® FYs Qo

718 SEolEL A ¥HE gL B F
Joy, T e delrIds F4, BdAFASE
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BAYd A, 434 AFY LEEA, micro
EHLZ #ddE Hdy HFEA Fol d+H2
Ao S #F AT 718 WL AA EA 9
4 fARE 2de] distd F8AYE dAF3
2 ded Jon, F8ojEY Ixdde 1E
A7 A, WANFE o MACd F83F ARE
AZE Aol

nR AL F&71F - At vl 294
5% #Edo Bol dFHL o, B A}
go] g AFEATF7H dFEE oF1 Utk

422, ANE7| WY ¥ HZ3
ol 2 ne Agdde 4884 € F98
Aol wet & WaE Jed dAAEE §F
Ao gzl we vdAF - veF Fo
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HEA Z3o iR AA Ao e =
i itk A2 ol B2 AR HESE
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