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Material Development of Automobile Plastic Pulley
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The automotive industry has increasingly been focusing its efforts on vehicle part weight reduction, with the aim
of improving fuel efficiency as an environmental protection measure. As part of these efforts, the industry has
actively been developing plastic pulleys to replace conventional steel pulleys. Of the various pulleys used in
vehicles, the air conditioner (A/C) compressor pulley is exposed to the harshest working environment. We therefore
investigated the development of a plastic pulley for A/C compressor application. Required material properties were
first identified on the basis of required product characteristic values. As a result, a phenolic resin material was
developed that is superior in heat resistance, one of the most important properties among those identified. Using
this material, we succeeded in developing an A/C compressor plastic pulley, and achieving approximately a 50%
weight reduction compared to conventional steel pulleys. The A/C compressor plastic pulley made of this newly
developed material has been in use since early 2001.

Key words : Plastic, Heat resistance / Plastic pulley, Phenolic resin
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Fig.1 Vehicle layout for pulley system and torque load of various pulleys
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Fig.2 Lightweight trend of pulley for air conditioner compressor
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Table 1 Comparison of material required characteristic for typical plastic
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Table 2 Product required items of plastic pulley vOoOoOOooooooooooo
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Fig.4 SEM micrographs of cross section surface
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Fig.5 TG decomposition profile of material both before
(initial) and after endurance test
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Fig.7 Investigation of the interface between plastic
and metallic ring

gobooooooobooboooooooooooog
OO0000000Fg8@MOOOO00OBrgOOOO
oobodoboooooobooooooooogoo
oobodobooooooobooooooooogo
OO00OO0O000ORg9MFg7O00O0OCOOOOOOO
oobodoboooooooooooooooogo
oooooooboooooooDboDoDODDDDOOO
Fig.lo0ooooooooooooooogoooon
oobooobooooooboooooooboooo
oooooobooooboooooooobooboDo

goboooboooboomobobooboboon

obooooooooomooooboooooooo
ooboooobooooooobooooobooooobooo
ooobooooboooooooooon

gboboooooooobooboooooooooooog
oobooooobooooboooobooboooooobogon
ooboooobooooooobooboooooobogon
coobooooooommoooobobooooboooon
ooboooooobooooobooobooooooboon
oobooooooobooooboobooooobooboon
ooboooooooooooobooobooooobooon
OO00OFrgl1l0000000COOO0O0O0OOODOO
oobooooobooobooooboooooOooooobooo
ooboooboobooooobooobooooooboon
OFig.1100000000PFOOOOCOOOO
oppm/0C0000O0C0O0O0COODOCOOOOOOO
cooooooo



oooo

Offset load
Belt load
_Thc pul_lcy inside The clearance is The stress
diameter is expanded The crack occurs
by heat of the generated between E} concentrates on the |::9 il i inbeafae
ybcaring metallic rings. pulley edge side. :

Fig.8 Presumption of crack generation mechanism

Plastic pulley Clearance

Metallic ring

Bre
(a) Rotated by the same phase (b) The phase of plastic pulley o]
and metallic ring shifts @ i g
g id
- w A3
Fig.9 Phase difference between plastic pulley and metallic “ o
ring by clearance generation & B A B
. . Fig.10 Scheme of crack due to retentivity
: Inclination=Linear expansion coefficient shortage of a metallic ring
§ ~_" difference of pfasnc and mem!'
=] S ——y
§ - A De\felopmem targel |
s - ca= 30ppm/C | oooooo
= : : gobooboobooboboboboon
_____ 0 . e, Interface
Room High " temperature O0000000OTable 30000000000
b
g tempe:ature / mperature 000000000O0DOo30000nonn
% : Conventional material : oooobooooooobooooogoono
: Lot 00 : 000000000000 00000000
M::asurement 000000000000 30ppm/0000O0O
Pasti oooboboooooooboooogooono
astic
goobboooooooboooogoono
Metallic ooboobooboboobooboboooobg
ring

Stress by tightening Clearance generation
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Table 3 Material development indicator

Problem Material development Means
target value

1. Control of foam Pyrolysis temperature Review of
=300°C low boiling point agent
2. Thermal deformation | Linear expansion coefficient Optimization of
=30ppm/°C amount of inorganic filler
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