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F1. AksbAd] gt AsbA 9] a4, #2. uEAF K
Additive Calx107* /g Fe’0O? Wear
[{CH;(CH.) ,-S5. 4.9 Wear scar coefficient
[ —~(CH.,)COOGH;], 7.0 diameter K
[ —S—(CH.).COOC:H;], 11.4 Additive (mm) - (X 10_,)
From Forbes, E. S., Allum, K. G., Neustadter, ~ ~n¢ Dialky lph°sph°r°d”h’°ate§
E. L., and Reid, A. J.D., Wear, 15,341, 1970.
Wilh permission, Zn SP——OR
OR 2
Qe 58L AN, L5 ZARAEE S R =TIsopropyl 0. 258 0.17
8o 43R 3]s Zr5ln Ewiute] =W R=2 —Ethylhexyl 0. 296 0. 43
Aol vlg Es7te}, EH L5 FhulAl e ure R=n Dodecyl 0. 290 0. 37
* fvm wpashs w3 ghobslo] EPA A phosphonates
o4o] b2 %3RS AAIch wo EPH A= (R.0).P(O)R,
_§_3¢—§_— A7 N4 L} VL eES Waw RiiRe
ok MbS Aol 5o AL ulicle H AR Butyl; H 064 14.1
o 25 o]ate _‘9__5%7].% A Eg spshubo o 2 — Ethylhexyl; H 0.36 .2
desla 3stA nprE FUgch (Y 4) o Butyl; phenyl 0.48 4.2
T ¥ 2d2roy g3 2L Q2 AL Phosphates
A dbg& 44" = glnh Tributyl 0. 47 3.9
1. 3% AAiehe] A2y 24 Tricresyl 0.28 0.29
2., 249 &N Sl o7 H2AY S} Disulfides
3. WE $54 9 AS4Es) Dibenzyl ‘ 0. 560 8.1
Eawte] g 3kst A =el B4 A9 Di— n— butyl 0. 855 46.0
S7te vhahE EHF3 ZHLEE HS & Di- n- dodecyl 0.623 12.6
N .
;:z;zz;;;:: Ak:.ﬁ%uk elatel A Note : four ~ ball test, 15kg, 1500r/min, 50°C. 60
. 5‘]——75— ] min.
olRg2 AE Adw Aol 22 slut tefst
AN A gzt v Eky] el 1 A3 xe] A A Y T2 s +o9le wwkEt e d dA)
o wl#idtel. HEF SER F5} 8F Tl 2 AAT = = A7 04 715 AEg o R
ez} St o zd 3 A §3ato] tfo)4t 5} A 2A4E 5 ok mkek odnpniR Qizbst HE
TE ABE F gA =k o] Aol AHAdelso Holl zH{3telw HEY Sl ols) e} wl2E
A &3 § 3 g £4RERR FolstE Aol dod 4 v o T YAE YAE ss4ol
=3 gobalel, Al FEAL odnputE Y218 HE
Hovhe A 01‘% T+ A3 o} ulrE o]
5. ¢d0j0j2 (ABRASIVE , = $eS AAYE + Ut FAL FELE F
duf vtk = (1) 7‘]"2 bkt wdo] odgr = 23k Aol %:7}%‘—"?1- ZAEA e Aol A 7t
Apolel] wiatgt =) == (2) edd wwbd Y=} atAl == EPAZMAIZE 445l 29 =lqbe
7} apab e 2o %ZHEI ) Freduizt Lo 2 SHA 252 TG et vpR2] oA Ao &)
By o]Rozr}. AxAFE =& EHD #¥ A eFzte] B35 oF-g groh
o] TE3 FANA T =HE B F+ AA
(1) & shg 2 g Anc S48 o 6. I 202 (CONTACT FATIGUE WEAR)
(2) Ar} vf2 &= Aets] ARl $283 AF F2e TEHAHEY 7o) B WnEgd
ANA et vfrE FEE FAE &GS 9 E Azt e Aol o] HbEIFTE Wgo a2y
+ AT A==z A4} IA5EE AN 2 RHE Azlct, A dbE-E HYL ol FgdE H
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£3. EYAE sl24gd| o3 F3fol 235l w29 FF
Fatigue life Test equipment
Lubricant W ater content reduction and Hertzian
description* of oil (%) (%) stress Ref.
SAE 20rust and oxidation inhib- 0.04 48 Tapered roller 31
ited mineral oil (0.0 1%) bearing 2. 03Gpa
(0. 29 X 10° psi)
M ineral oil-based 0.1 45 Angular contact bearing
Emulsifying hydraulic oil 0.5 56 2.27GPa (0. 3340°psi) 32
(0.02%)
SAE-10-based mineral oil 0.5 45 Unisteel bearing 33
0.15%) fatigue test 3.90GPa
(0.57 x10° psi)
SAE-10-based mineral oil 0.5 17 Rollingd-ball 7. 52GPa 34
(=0.05%) (1. 09 X0° psi)
Emulsifying hydraulic oil . 1.0 45 Rolling 4-ball 6. 89GPa 35
(Purged with Argon) (seawater) (1. 00 X 10° psi)

* Water content of oil without added water given in parentheses.
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E4. A Aol A Ao A 3] 24 o
o] L
Tapered roller Unisteel
bearing
1.97GPa (0. 285 3.88GPa (0. 563
X 106ps_i) 37 % 106psi) 18
Mineral oil 1.0 1.0
Phosphate ester 0.49-0. 80 0.79
W ater-in-oil 0.31-0.53 0.21
emulsion
Water glycol 0.14-0. 20 0.17
Dilute emulsion
5/950il/water 0.06

al zch, Bz qle] EPA AL 2 vy
A2l grell A sl24gE A AT R
ol M= SR A ok AR b
oA BEsh F4eAeR wle gt
Aol wAHAGE. 292 Aste 92 £
AAA Fo}, 1|l AL Bk A
o) 33FL wric} AW vy gq}%
ol 4 Zinc dialkylphosphorodithioate 3 7} 4| =

e 5 474 urh 3o SUEFAA o
ASHAl Sl 243 & FAAAE Heby S

4%

2 0
o

L 2 mlo fr oot rjo 2 ot
&-ﬂ ol L

FFoll e Ao H) FE % Was

et QurAel ARo 24 YL EP, EE
ot A Al sl 2eg g zbaedeh ®
2l T7Fo EPAH7MA o st Edwoi® A9
AzE wlmg Rojct. AT HdL T
Wlol 8 FEwof sutg *é AA Foz 312
FTHE FAA FE A2 wEEe s

XN DEES PR ER R
A %55t

SAE Type of EP additive package Lslife,

Grade. - normalized
90 None 1. 00
80 Lead-sulfur 0.24
80 Lead-sulfur 0.34
80 Pho sphrous-sulfur 0. 32
90 Zinc-phosphorus-sulfur 0.17
90 Zine-phosphorus-sulfur-choloring, 40
90 phosphorus-sulfur 0.67

Note : 1 03GPa (150, 000psi) maximum
Hertz stress.
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