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Anti-Shudder M echanism of ATF Additives
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Abstract

A slip-controlled lock-up clutch system has been
widely adapted in automatic transmissions for
improving the fuel efficiency of the vehicle. The slip-
control might induce a vibration, a so-called
"shudder", caused by a stick-slip between the clutch
surfaces. To prevent shudder from occurring for a long
time, ATFs are required having a good anti-shudder
property and improving anti-shudder durability.

In this study, the anti-shudder effect of ATF
additives and their mechanisms have been investigated.

The addition of over-based Ca-sulfonate and friction
modifiers (FMs) remarkably improved the anti-shudder

durability of ATF.

From the results of surface analyses, it was found
that the shudder occurrence was correlated with the
contact area roughness and the boundary frictional
property of the steel plate surface. Large contact area
roughness and low boundary friction coefficient were
preferred to prevent shudder. It was suggested that the
increase in the contact area roughness was caused by
the over-based Ca-sulfonate and that lowering the
boundary friction coefficient was caused by the over-
based Ca-sulfonate and the FMs.

Automatic tramsmission, Lock-up clutch, ATF, Additive, Shudder, Friction, Roughness, Friction modifier, Ca-sulfonate
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Table 1 Composition of experimental ATF.

Concentration
@iy | ¥4Ca | 24ca | vaca | | neca | Fr

Over-based Ca-sulfonate a 3/4a 2/4a V4a 0 0 a
Neutral Ca-sulfonate 0 b 0
Amine-type FM c 0
Ester-type FM d 0
Phosphorus-type EP-agent e

Succinimide f

Anti-oxidant (A) g

Anti-oxidant (B) h

Polymethacrylate i

Silicone (Anti-formant) j

Base oil rest

~<a—— Initial surface
Std Std
(4/4-Cq) (4/4-Ca)
3/4-Ca
aca After break-in
2/4-Ca -i
4" (No shudder)
2/4-Ca
1/4-Ca \
) ) 1/4-Ca After durability
Without-Ca Shudd
Without-Ca test (Shudder)
N-Ca
N-Ca
Without-FM Without-FM
. 1 s 1 . 1 b | . l L
0 200 400 600 0 0.1 0.2 0.3
Anti-shudder durability (h) Contact arearoughness (Jm)

Fig. 1  Effect of ATF additives on anti-shudder

durability. Fig. 2  Contact arearoughness of steel plates.
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Fig. 3  Comparison of contact area roughness with
distribution of element on steel plate.
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Paper - Steplae (( viodified Reynolds
| Roughness equation considering

plate o roughness®

B (. Elaslic contact model 7|
. o, e

4 . )

Load W « Force sustained by solid

contact: We

« Force sustained by oil

Solid L film: Wh=W-Wc

contact
area p *

. o

* Boundary friction:

|1 ste

on « Hydrodynamic
coefficient friction: fh
He ~ * g

Total friction coefficient:

IIII 0.01mm

W =(fc+fh)/w

Fig. 5 Mixed lubrication model of asingle contact unit.
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(8): Contact arearoughness = 0.2 pm
Total friction

|
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Fig. 6  Influence of contact area roughness on

-V characteristics.
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Fig. 10 Schematic illustration of mechanism of lowering boundary frictional property.
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