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Application of High Strength, Low specific Gravity Under Body Coat for Automobile
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The existing poly-vinyl chloride (PVC) underbody
coating was specifically designed for the automotive
underfloor to prevent chipping damage as well as the initiation
of rust propagation from a scratched point.

This paper presents the development of a new PVC
coating which provides superior anti-chipping performance
without increasing film thickness of the PVC by achieving
higher tensile strength and elongation with adequate peeling
strength. By incorporating plastic balloons in the PVC
formulation, the dried film has a specific gravity of less than
1.0, thereby achieving a 2 kg weight reduction as compared
with the conventional materials for underbody coating.
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Table 1 Typical Rust Prevention System of
Underbody Coats for Automobile
Area of
Usage Underfloor Wheelhouse Sidesill
N - -
Substrate | Protection |Substrate | Protection |Substrate |Protection
Maker Material | Coating | Material | Coating | Material | Coating
Company Al GA |pvcswax| Ga  |Pvcswax| ca PE’S(‘\:‘Y
PVC
Company B GA PVC+WAX| GA PVC+WAX GA PU
upP
PVC
Company G| CR [PvC+WaAX| CR [PvC+WAX| CR PU
PB/BNY
Company D| Gl WAX Gl |Pvc+WAX| CR PVC

* AW
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[Substrate Material] [Protection Coating]

-GA; Galvanneal «PVC

-Gl ; Galvanized -PU ; Polyurethane Type Undercoat

-CR; Cold Roll Steel -UP ; Polyester Type Undercoat
<PB /6NY ; Plastic Board / Nylon—6

; PVC Plastisol Type Undercoat
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Table 2 Types of Chipping Damage Typically Found

Type Area of Chipping Exposure Types of Chipping Damage
No Slanificant Coating /
o Significan Film - — Toa i
Dirias ~ !.\\\\\%~ Chipping Res‘lstance
Substrate R L Energy of of Film
Material = Stone Coating
*Front Wheel house
*Rear Wheel house -
| | Chipping Resistance
Energy of of Film
Chipping- Stone Coating
peeling
Chipping Resistance
Energy of of Film
Stone Coating
Wearing
Total Energy Resistance
of stone x") of Film
Bombardment ° Coating
Body in White Coated Material Underbody Coating
Distribution Distribution Material Distribution
Undercoat
Topcoat
3.6%

Interior
25%

Chassis
30%

Insulator
30.5%

Frame and Outer
Panel

91.5%

Dust Sealer
Body / Total Car =25% Coating Material / Body =8.5% Underbody Coating /
(Coated Material /Total Car =2.1%) Coated Material =22.9%
(Underbody Coating /

Fig. 1
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Total Car =0.5%)

Weight Percent of Underbody Coating Typically Used (Compact Car Size)
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L7223 DT, KEL DI E&h b, w4 =T 2R Table 3 Test Methods for Simulation of

Chipping Damage
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Stone Size JIs#6 5 ~13mm
4. 74 —0— h@ﬂﬁgtg’/ t°>79)(—:/ Shot Angle 45°

B = LRV ILERIZ T B F v € R L R Test Temperature _30°C
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E 500 ©m @i}%é“ mﬁ‘a’— v |SV2 7‘[‘%@%{;‘: Table 3 l:f—\‘j- 5 —No Significant Damage
= . " N . ‘ 4 —Damage Around Test Piece
qu}ﬁ 3T AT yﬁuﬁﬂ{ﬁBf‘ﬁ) 7:: V) DIA—=Y éﬂi"‘f % © Judgment 3 —Large Damage Around Test Piece Edges Only
Z OEE, FRE A 1000 um T T X ZDOL 4 —DiF Standards 2 —Severe Edge Damage
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Name of Parts
(D Air Pressure Switch
@ Air Pressure Regulation Dial
(3@ Stone Chamber
@ @ Chipping Stones
/® ®Test Piece Setting Plate

= ® Used Stone Collection Area

Fig. 2 Operation Method of Gravelometer
Apparatus
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(1). Chipping

Resistance Test

Item

Condition

Test Apparatus

Gravelometer (SAE J 40)

+ Damage to overall PVC Surface

1 —Severe Edge Damage

+ Severe Damage to Overall PVC Surface

(2).Wearing Resistance Test

Item

Condition

Test Apparatus

Gravelometer (SAE J 40)

Judgment
Standards

The weight of stones required to wear the PVC
coating to the initial condition of E —coat exposure at an
exact moment will be regarded as the level of wearing

resistance.

Development Type  +

’
.

[HIGH PERFORMANCE |

Chipping Resistance

‘T} 1

o o
PVC Coating Weight (kg/car)

(6]

1

1
500

1
1000

PVC Film Thickness (um)

o

Fig. 3 Chipping Resistance and Film Coating

Weight vs. Film Thickness
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Vinyl Acetate Weight Proportion of Total PVC
Resin Content

Chipping Resistance

High
= (Good)
T

Low
(Poor)
T

(glr C11
Low High

Number of Carbon Attachments for Plasticizer

Fig. 4 Properties of PVC Components and Their

Relation to Film Performance Level
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Fig. 5 Corrosion Performance of Different

Plasticizers using Hot Salt Water
Resistance Test
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Table 4 Adhesion Performance of Various Adhesion Promoter Formulations

Adhesion Tests
Test
Sample, \Method (@Heat @Humidity @water [SHot Salt Water
@ Standard Resistance Resistance Resistance Resistance
Type of . 50°C . 5%MNaCl
Promoter 80°C x 240hr RHO5% X 240hr 40°C x 240hr 55°C x 240hr
No Promoter
A Used PAN X X X X
B | Polyamide only O O PN X X
Polyamide
+
€l Biocked O O O O O
Isocyanate

[Adhesion Resistance Test Method]
*Metallic Mesh Peeling Test

<: - - -\.r,«m-.‘.!u{—%
- EEEEEEE R =

Judgment Standards

(O----Cohesive Failure in PVC Only
O ----Partial Adhesive and Cohesive Failure
X ----Adhesive Failure Between PVC and E-coat

[PVC Plastisol Contents]

*PVC Type Resin————35%
+Plasticizer (DINP) 35%
«Filler (Inorganic Filler)— 30%
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Table 5 Comparison of Balloon Materials

Item

Glass Balloon

Plastic Balloon

Material Silicate Acrylonitry|
Average Balloon 70pm(MAX150 ) 70um(MAx1 30m)
Diameter
Specific Gravity 0.37 0.02
Externa! P.ressure 28MPa 20MPa
Limit
Metlting 715°C 180°C
Temperature Exceeds Spedifications Exceeds Specifications
Silicate Acrylonitryl
Balloon
Structure

Hollow

Hollow
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Fig. 6 Plastic Balloon vs. Glass Balloon
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Fig. 8 Chipping Resistance vs. Peeling Strength

Stainless Steel Type 20 Meshing
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Material

*Test Piece Size
*Substrate Coating
*Test Temperature
*Peeling Speed

........... 25mmx70mm
-------- Zinc Phosphate+E-coat
-------- 20°C

........... 50mm/min

Fig. 9 Peeling Performance Test Method
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Table 6 Film Coating Properties of Various Coating Materials

Coating Material Polyethylene
PVC-SOL F’oly};retgane powder Po_]ly eseier E-coat
Item yp Type yp
Internal Stress 2 MPa 20 MPa 50 MPa 69 MPa 98 MPa
Coating Film Thickness 500 um 300 pm 300 um 300 pm 30 um
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Fig. 10 Chipping Resistance vs. Elongation
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Fig. 11 Wearing Resistance vs. Tensile Strength
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Fig. 12 Wearing Resistance vs. Peeling Strength
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Table 7 Physical Properties of PVC Film

Testing _50°C RT
Temperaturs Peeling Specific
Tensile Tensile ;
ltem ; ; Performance| Gravit
e Strength | Elongation | gyronoy, | Elongation y
Tya;g“a (MPa) (%) (MPa) (%) (N/25mm)
Current
Type 3.43 60 1.96 100 49.0 1.60
Development
Type 6.86 150 3.43 250 196.1 1.00
Table 8 Test Results
Test ltem Mater\%! pe Current Type Development Type
water |Humidi Hot Salt H Thermo- - water | Humidi Hot Salt e Thermo-
Test ltem ';::?el l?estis» ;Hersisty !::;: I;-'i::; 2;:];' l;':z" F:aest\s- F;aswsl-y ;:' aslI:r Resis(- Rcz:: )
lance ance tance lance tance nce nce tance tance tance
(DChipping Resistance | 4 1 2 1 4 3 515 5 5 5 5
(@Adhesion Property | (O | X | A X Ola 101010l O 1010
. , AF AF
(®Peeling Resistance 49 | AF & AF 51 & 196 | 195 195 | 196 | 203 | 201
CF CF
@Wearing Resistance 100kg~300kg 1000kg
®salt Spray Test 960 Hrs. OK 960 Hrs. OK
(®Cyclic Corrosion Test 50 Cycle OK 50 Cycle OK
®§l§$£fmr 240 Hrs. OK 240 Hrs. OK
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