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Corrosion Behavior of Vehicles Placed in Service in North America for 5 Years
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Synopsis :

Some passenger vehicles, which were manufactured in 1989 and 1991 and used around
Detroit area for 5 years, were submitted for a corrosion investigation. Panels forming
the body shell have been classified into five categories with respect to the corrosion
environment and were evaluated their cosmetic corrosion and perforation corrosion. It
is confirmed that exterior panels made of two-side zinc coated steel sheet have excellent
performance in cosmetic corrosion. It is shown that the corrosion depth at lapped parts
under low humid condition decreases with increased zinc coating weight. With
precoated panels of zinc coating of more than 45 g/m2, the degree of corrosion was slight.
It was found that the usage of zinc coating steel sheet improves the anti-corrosion

performance of vehicles.
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Some passenger vehicles, which were manufactured in 1989 and 1991 and used around Detroit area for 5 years, were
submitted for a corrosion investigation. Panels forming the body shell have been classified into five categories with
respect to the corrosion environment and were evaluated their cosmetic corrosion and perforation corrosion. It is con-
firmed that exterior panels made of two-side zinc coated steel sheet have excellent performance in cosmetic corrosion. It
is shown that the corrosion depth at lapped parts under low humid condition decreases with increased zinc coating
weight. With precoated panels of zinc coating of more than 45 g/m?, the degree of corrosion was slight. It was found that
the usage of zinc coating steel sheet improves the anti-corrosion performance of vehicles.
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Table 1 Improvements in corrosion preventive specifications

Material Precoated steel sheet
Dip type zinc phosphate pretreatment
. Cathodic electrodeposition painting
Paint e .
Anti-chipping primer
Underfloor protection wax
Protection Adhesive {Hem flange)
rotec Sealer {Lapped together)
schemes R
‘Wax injection
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Table 2 Vehicles investigated

Vehicle-A (1989) Vehicle-B (1989) Vehicle-C (1989) Vehicle-D (1991) Vehicle-E (1991)
Rody style 2 doors 4 doors 2 doors 2 doors 4 doors
Period of runnin 1989--1995 1989-1995 1989-1995 1991-1997 1991-1997
enod o1 ru g 2 years 3 years 5 years 5 years 5 years
Odometer 211628 km 190563 km 283264 km 185709 km 181632 km
Scab corrosion Peré:;:]tjﬁg:r::g:iroo;ion Perforation corrosion
Lapped part Stone chipping Hem llange Lapped part in low humidity Lapped part in high humidity
Outside inside
Quter panel Crevice
4 1]
Spot weld Crevice Depaosits
. - Sillrocker
Crevice ] - Wheel-arch
Paint Deposits - Box-member

Fig. 1 Schematic design of corrosion of specific area of parts classified into a design and humid condition
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Percentage of number of vehicles with corroded portion (%)

i
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Outside of Outside of Qutsideof Qutsideof Rear wheel  Side sill

door hood trunk fender house

Doorhem Doorhem Hoodhem Hoodhem  Trunklid Trunklid
flange comer flange front corner hem flange  hem corner

Fig. 2 Comparison of survey results at each of body part

Table 2 Number of scab corroded parts

Corrosion type Parts Vehicle-A Vehicle-B Vehicle-C Vehicle-D Vehicle-E
Pillar outer 2 5 4 1 4
Laoped part Side sill outer 3 1 3 1 1
pped par Quarter panel 4 5 2 2 0
Rear end panel 5 2 2 0 2
Hood outer front 4 0 0 0 0
Stone chipping Door outer 3 0 1 ¢ 0
Front fender 2 1] 0 0 1
Hood hem 2 0 ¢ 0 1]
Hem flange Door hem 1 3 1 0 0
Trunklid hem 2 1 0 2 0
Number of scab corroded parts 28 17 13 6 8
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Fig. 3 Scab corrosion at each of the part
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Fig. 4 Effect of zinc coating on anti-scab corrosion
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Table 4 Comparison of a performance of perforation corrosion

Vehicle-A (1989) Vehicle-B (1989)

Vehicle-C (1989) Vehicle-D (1991) Vehicle-E (1991)

Cowltop outer (CR) Center pillar outer

Front pillar outer {CR)
CR)
Lapped part in low Front pillar inner-up
humidity (CR)

Cowltop inner (CR)

Strut house panel
(precoated)

Front side member
(precoated)

Rear floor pan (2}
CR

Rearend panel (CR)

Dash side (CR)

Front floor pan Rear floor side mem-
{precoated) ber (3) (CR) Front pillar outer-low
Side sill outer Side sill outer Sidepane] (side sill) {CR)
(precoated) (precoated) (precoated) Center pillar outer
Lapped part in high Side sill inner-rein- Quater panel (3) Side sill inner-ext {CR)
humidity forcement {precoated) {precoated) Center pillar rein-
{precoated) forcement lower
Rear wheel house Rear wheel house Rear wheel house (CR)
outer (precoated) outer (precoated) outer (precoated) Rear wheel house
Rear wheel house Rear wheel house Rear wheel house outer (precoated)
inner (precoated) inner (CR) inner (CR)
Number of perforation 9 6 13 1 4
occurred parts
e e B e e T R s S N S
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Fig. 5 Effect of zinc coating weight on anti-perforation corrosion
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Fig. 6 Relation between Zn coating weight and corrosion depth
at the lapped part in low humidity of field vehicles for 5
years
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Fig. 7 Relation between Zn coating weight and corrosion depth
at the lapped part in hight humidity of field vehicles for 5
years

Table 5 Quantitative analyses of the mud adhered to panel
(mass%)
Cl Na Ca Mg Fe Zn

Front side member
outer 8.16

Frontside member | ;5 13 06 213 538 235
outer-rear

Front side member

inner . 1690 1086 7.27 1.55 235 0.61
Front floor side
member-front 18 — - - - -

Front floor side
member-rear 1.51 098 892 232 253 422

Side sill outer 326 142 892 246 352 74

IC‘*“““ pillarinner | 151 102 860 218 306 7.79
ower

Rear floor cross 39
member

Rear wheelhouse | 09 nas 706 204 179 012
outer

Rear wheelhouse | 07 483 716 182 542 o070
mner
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Fig. 8 Relation between Zn coating weight and corrosion depth
at the hem flange of field vehicles for 5 years
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Table 6 Summary of additional corrosion protection

Protection schemes Vehicle-A Vehicle-B Vehicle-C Vehicle-D Vehicle-E
Door hem-adhesive O * @] O O
Door hem-wax @) X O O O
Engine room-seam seal x O O O O
Dash panelseam seal X O O O O
Under floor-seam seal X O X O x
Under fleor-wax (black) h¢ X O O O
Side sill + floor-seam seal O O O @ O
Wheel house-coat (black) O X O ] 9
Wheel house-seam seal O ] O O O

T Add, X I Non
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Fig. 9 Correlation between percentage of zinc coated sheet
forming the vehicle body shell and number of perforated
panels
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