49K Eol FmF AR
2020 4F 9 A SURFACE TECHNOLOGY - 81 -

B3 & ah ik h & B E R E 5
2 55 % 70 R I B T B9 1l [R) 380 R

PEB, £/, KEE, BXE, KER
(PESHRBDRBARPIN, TT KE 116032)

B E. B8 BT EEESEA AR BRI AR b A R IR R A B AR Fik RRE-A A B
BOXIEHLAT 53 A A R BB F 4 #’Jﬁﬁﬁ"fﬁi’i 6y =AF ATF 347 T AR, 4 T e EREE & £
T % 0 AR R R0 R A . ATF-A, B, C #9 R SUARFFRT R 530 4 24, 72, 144 h, & A 28845
(SEM ). #t#% (EDX ). #&BR¥& TRk (SAM). =R BTk (SIMS) F o4 F8, KF) B RSB
FUER . SR EERBE, R ZASRRAB S T MG EREKR AN, ¥EEEIE TS ATF ¥4
F ey Ca LELAETEHBAFR N, HmT Ca-P BEBR B, ATF-A, B, C E#ER MG ZEH R A
400, 900, 1120 nm, %4 SEM B, SAM ¥ P L ERE»>HARHE, SIMS il & P 7L Z 69 @ o A S8
The, ZAEBIRA K EEL LRI A ZIEA K, 438 R R A ATF ib U R 09 B33 R 69 P/Ca
RF., oFE. REHEAREETHR, 49%%@}] Fr Ca-P B A B THRF B LS BRI, REE
P KB P RS A A 45 R & BT AR %\ﬁéﬁﬁwﬁ%&m&,ﬁ@éﬁ%%ﬁ@ikko
xR BXBEAE; B, Atk /%%f%?i‘ s TEER, R
FESES: THI17 XEHRIRED: A XEERS: 1001—3660(2020)09-0081-10
DOI: 10.16490/j.cnki.issn.1001-3660.2020.09.008

Synergistic Effect of P-containing Friction Modifier and Ca-containing
Detergent in Automatic Transmission Fluid on Anti-shudder Characteristic
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ABSTRACT: The work aims to reveal the anti-shudder mechanism of tribofilm formed by friction chemical reaction between
P-containing friction modifier and Ca-containing detergent. Three ATFs with different P-containing friction modifiers were
tested by disc-disc tribometer, and the friction characteristics of the tribofilms formed on the steel friction disc were tested. The
duration of anti-shudder property of ATF-A, B and C was 24 h, 72 h and 144 h respectively. SEM, EDX, SAM and SIMS were
used to determine the chemical composition, distribution density and thickness of the tribofilms. The three kinds of P-containing

friction modifiers reacted with Ca in the detergent of ATFs during friction and formed Ca-P tribofilms. The thickness of ATF-A,

Wim B H#: 2020-05-18; &ITHHEA: 2020-07-07

Received: 2020-05-18; Revised: 2020-07-07

TEEBN: FR (1977—), *, L, GEIEF, T LXHRHS @A RBHGERS . ¥H . dizechao_rhy@petrochina.com.cn
Biography: DI Ze-chao (1977—), Female, Doctor, Senior engineer, Research focus: tribological research of lubricating oil. E-mail: dizechao_
rhy@petrochina.com.cn

Blxt&: WFER, £&, KEME, F. a3 E3R P EBAEN 5 AR M Skt MR 2 R[], A @B AR, 2020, 49(9):
81-90.

DI Ze-chao, JIANG Yu, ZHANG Meng-jia, et al. Synergistic effect of P-containing friction modifier and Ca-containing detergent in automatic
transmission fluid on anti-shudder characteristic[J]. Surface technology, 2020, 49(9): 81-90.



.82 Fom R

2020 £ 9 H

B and C tribofilms was 400, 900 and 1120 nm respectively. According to the SEM images, the integral value of P-element depth

distribution in SAM and the surface distribution value of Pelement detected by SIMS, the density of the three tribofilms had a

positive correlation with their anti-shudder durability. Although the P/Ca ratio, distribution pattern, density and thickness of the

three tribofilms are different, the three kinds of Ca-P tribofilms are all helpful to keep the anti-shudder property of clutch. The

P-containing friction modifier with higher reactive activity can form a thicker and denser tribofilm with high coverage on the

friction surface, and the anti-shudder durability can be kept for a longer time.
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Fig.2 WAZAU test rig: a) WAZAU test rig; b) paper plate; c) paper plate clamp; d) steel plate; e) oil sump
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Fig.3 Molecular structures of three P-containing FMs: a) long
chain phosphite ester; b) alkyl phosphate ester ammonium
salt; ¢) phosphate ester carboxylic acid derivative
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Fig.5 SEM and p-Vv curves of ATF-A with (a, b) and without (c, d) anti-shudder property: a) surface of steel plate after 24 h ATF-A
durability test at 200 times; b) surface of steel plate after 24h ATF-A durability test at 800 times; c¢) surface of steel plate after 48
h ATF-Adurability test at 200 times; d) surface of steel plate after 48 h ATF-A durability test at 800 times
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Fig.6 SEM and p-v curves of ATF-B with and without anti-shudder property: a) surface of steel plate after 72 h ATF-B durability
test at 200 times; b) surface of steel plate after 72 h ATF-B durability test at 800 times; c) surface of steel plate after 96 h ATF-B
durability test at 200 times; d) surface of steel plate after 96 h ATF-B durability test at 800 times
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Fig.7 SEM and p-v curves of ATF-C with (a, b) and without (c, d) anti-shudder property: a) surface of steel plate after 144 h
ATF-C durability test at 200 times; b) surface of steel plate after 144 h ATF-C durability test at 800 times; c) surface of steel plate
after 168 h ATF-C durability test at 200 times; d) surface of steel plate after 168 h ATF-C durability test at 800 times
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Fig.8 EDX spectra of the tribofilms of ATF-A, B and C
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