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Development of Small-sized Multilayer Fuel Tank for Off-road Motorcycles and ATVs
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ABSTRACT

A multilayer polyethylene resin fuel tank for off-road
motorcycles and All-Terrain Vehicles (ATVS) has been
developed to comply with U.S. EPA gasoline permeation
control regulations. Motorcycles and ATVs employ
complex saddle-shaped tanks with weld-molded insert
parts and requirements for exterior design, and the
following four issues were therefore identified and
addressed for the multilayer blow molding process. To
enable the saddle shape to be molded, pre-blowing and
depressuring were employed in the blow molding process
in order to achieve a uniform wall thickness. A
temperature range that balanced resistance to drawdown
in the parison, resistance to melting damage in the insert
parts, and adhesion of the insert parts enabled the
adhesive strength of the insert parts to be increased.
Changes to the design of the modified polyethylene
adhesive used to bond the EVOH, which forms a
gasoline permestion barrier, have increased the resistance
of the insert parts to delamination as a result of impact.
The employment of a mold surface treatment producing
a surface roughness able to conceal mold transfer defects
has enabled the external design requirements for the tank
to be satisfied.
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Fig. 1 Appearance of saddle-type fuel tank for
motorcycle
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Fig. 2 Insert parts layout of fuel tank for off-road

motorcycle
Kneading Extruding Insert set
Sinal Die head
ingle
crew accumulation Insert,parts
ylinder
ﬁ.;. l> Parison l> Mold
Multiple
continuance
. . . Open mold
Pinch by closing mold Stab pin and blow and eject

Fig. 3 Blowing process

0 1300



gbooboooooob ATvoboooooooooobobo

gbmoobobobobobobobobobooobooon
gboboooooobobobo
gobmoooooooooooo
gbmobooboobooboobobooboooooboan
gbooboboboboboboboboboboon
gboobooooooon
gomooooooogoooooreyg
Fig.3 DO0O0QOOoOoOoOoOoO

goboooobobooobobooooogd

gbmoobobobobobobobobobobon
gbobobobobobobobobobooboon
gooooo
gomooooooobooboo pEODOOOOOODOODO
gboboboboboboboboboboban
gbooboooooboATVOOODOODbOooooogo
gbobobobobobobobobobooobogn
gboobooooooboooboobo
gbmooboboboboboboboboboban
gbooboopPEODODODOOOOOOO EVOHO
HDPEO ODOOOODOOOOOOOOOOOOODOO
gbooooooooo
gbmooboobobobobobobooboboban
goboooooobooboboooboobboooobo
gbobobobobobooooboobooooboooboan
gobobobobooooogon

gobobooobbooobbooobobg
gboboboboobooboooobooooooooobooon

Oo000000o000Rg. 4000000000OOCOOO
gooboooogo

B (drawing part)

Deep drawing rate: A (initial distance) %100
For automobile
X = A
g Deep
drawing
= rate

N,

Maximum 100 mm x \-_B__/ 115%

For motorcycle X
/ Maximum 200 mm X,
Fig. 4 Comparison of forming ductility with
automobile fuel tank

Section XX

Deep
drawing
rate
217%

41. 0000000

gboboboboboboooobooboooboooboooboan
oboboboboooboooboooooobobobooonoog
gooobobobooooooboobooooooooboooboooog
gbobobooboooboooboooobobobobooonoog
gbobobobobooboooboobooobobobobo
gooobobooooooboboobooooooboboooooog
gbobobobooboooooobooobobobonbo
gobooobooooobooboobooboboobogo
gboboboboboooooooobobobobo
O000OFg. 5 0000000000 0ODO0OODOO0OOO

gboboboboobobooooooboooboobooobon
gbobobobooooooobooobobobobo
gbobobobooboooooooboobobobono
gbobooooboobobobobooogo

gboobooboboboboooboooboooooboooan
gbooboooob o4b0bO0ODbODbUObOOOODO
O0o0oooooobobDFrg.60000000DDOODOO
goooooogo

42. 0000000

gbooboobooboboboboobooooobooooon
goobooboooooooobobooooooboboooooog
gbobobobooboooboooooobobooboooo
gboboboboooboooooobooobobobobo
gbobgobobooboooboooobooboboboonog
gboboboboboooooobooobobobobo
goboobobooobbooobooobooboboooo
gbobobobooobooooboobooobobobobo
goboooboobooboobbogboboobooboooboobooo
gbobobobooobooooboobooobobobobo
gbobobobooboooooobooobobobono
gboboooooo

Mold closing

Metal mold

Without pre-blowing <

[h Preliminary

] pressurization

s &
AL

Resin tube
(Parison) A
1]
)

e
With pre-blowing

Fig. 5 Behavior of parison during pre-blowing

01310



Honda R&D Technical Review

Vol.21 No.1 (April 2009)

30 Target wall
thickness 2.5 mm

25
20 [
15
10 |- Perforated
0.5 |-
0 !

0.2 0.3 0.4 0.5 0.6

Minimum wall thickness of molding (mm)

Preliminary pressurization time (sec)

F

g. 6 Relationship between preliminary
pressurization time and minimum wall
thickness of molding

E
£ 1.1
230 r Target walld
ks thickness 2.5 mm
g 25|
©
o 20 |
3
c
$ 15| Impenetrable(]
§ of blow pin
T 10 | ;
g Adhesionl}
of parison{J
% 0.5 |- Perforated insri)de
2 -
§ ] L
L

0.8 1.0 1.2 1.4 1.6
Depressurization exhausting time (sec)

Fig. 7 Relation between depressurization exhaust
and minimum thickness of molding

gbobobobooooooooooooooooboon
gbobo1r1ooooooooooboboboooboo
gbobooooooobobobobobobooboooo
ooo0o0o0OoooooooOoooooOo0dgrg 700
0oo00o0o0o0oDbOoO00oboO0OdO0DFRg. 80D0OCODODOO
gbobobooboobogoog

gobooooboobogooon

51000000

gboboboboooboooooooooooobooon
gobobooboooooooobooooooobobooooooo
gboboooooooooboobooboboboboonog
gbobooooooobobobobobobooboooo
gboboooooooboboboboboboooooo
gbobooooobooboboboboobooboooboooo
goboboooooooboboboboboboooooo
gbobooooooobobobobobobooboooo

goooobooooooobooooooobobooooooo
gboboboboboooboooobooobobobobo
gooooo

goboooooboooobbooobooogevoHO OO
gboboboobooboooooobooobobobobo
gbobobobobooobooobooboboobobobobo
gooobobooooooobooooooboboooooog
gboboboboobooooooobobobobooonoog
gbobobobooboooooobooobobobobo
gboboboboobooooooooobobooboooo
gboboboboooooboobooobobobobo
gboboooooobod4oo3ogboboboobooboonog
gbobobobooboooooobooobobobobo
gbobobobobooobooooooobobobobo
gbobobobooboooooobooobobobobo
gbobgoboboobooobooooboobobooboooo
gbobobooboooboooobooboboobobobobo
gboboooooobobobobobooooon 200
gbobobobooboooooobobooboboboobo
oooooOobooOoobDoOoooOoOoooooDO Fig. 9
gooo

Mold closing Blowing

Preliminary ~ Without reduced
pressurization pressure \ \

@ ] Depressuring
t and exhaust

Mold closing Blowing

3
With reduced @ *@* .J_.,

pressure

Fig. 8 Behavior of parison during depressuring and
exhaust

+40
Multiple
+20 continuance

Single

accumulation Temperature drops

Temperature of parison (°C)
>
T

0 20 40 60 80 100
Elapsed time after extrusion (sec)

Fig. 9 Temperature transition after parison extrusion

0 1320



gbooboooooob ATvoboooooooooobobo

Touch timing of parison and insert

(Single accumulation) Adoption of

heater temperature
inaintenance effect

=

—20 |- Touch timing of parison

and insert before

—40 |- adoption of robot arm
(Multiple continuance)

Touch timing of parison
and insert after adoption
of robot arm
(Multiple continuance)

| | |

Temperature of insert (°C)

| | |
0 20 40 60 80 100 120 140
Elapsed time after setting metal mold (sec)

Fig. 10 Temperature transition of insert parts with
thermal heater temperature maintenance
effect after removal of insert parts from
heating oven

52.000000000

5. 000000b0bo0bobobobooooboooboog
gboboooooooboobobobobobobooo
gbhoboooooooooboobooboboboboonoog
gboboooooobobobobobobooboooo
goooooooooooboboooooobobooboobooooo
gbobooooooobobobobobobooooo
gooodoooooooooooooboobbobobboo
goooogoDb4D3ouoooooobboooooog
gobooboooooooobooooooooboboooooo
goboobooobobooobooboboooboooboooboon
goboboooooooboboboboboboooooo
gboobooooooobobobobobobooboooo
goodooooooooobobobobobobobooo
gbobooooooobobobobobobooboooo
gooboobo 20000000

gbobooboobobobooobooooooooon
goooooooooboobooboobobobobooog
goboboooooooobooobooooooooboooooon
gboboooooooobooboboboboboboooog
gboobooooooobobobobobobooooo
gbooboooooooooboboboboboboooog
gboboooooooboboboboboboooboooo
goobooooboooboobobooboboboobooog
000000 Fig.10 OO0ODO

goooooboooon

PEOODOOOOOOOOODDOOODOEVOH ODOOO
gboboobooboooobobooboobPEO EVOH
goboboobooooooobooooooobooboooo
goboboooooooooobooooooooboboobooooo
gbobooooboooboobooboobobobobooo

Base polymer (HDPE)

l«——— Graft bonding

Y
\,/

Maleic anhydride: Mah

Fig. 11 Bonding structure of olefins and maleic

anhydride
—Cc—Cc—-C—-C—C— ?—H
+ —C—C-C-C—-C—
o=C_ C=0
~o” EVOH
Maleic denatured
polyethylene

—C-C-C-C-C-C-C-C—C—

0=C Cc=0 0=C_ C=0
b o-H o’
? 9-H
—-Cc—C-C-C-C-C-C-C-C-C—
Bonding state of polyethylene and EVOH

Fig. 12 Reaction mechanism of maleic anhydride and
EVOH

gbobobobobooooooooobobobonbo
gobooboobooboobbooboobbooobobogoo
gboboboobgoboooooobooobobobobo
gbobobobooboooooobooobobobonbo
gboboboboboooooobooobobobobo
go0OoCoO0C0O0O0O0O0OFrFg. 1100000 O0Ooooooo
0000000000 0OFg. 12000000000 EVOH
gboooooogn
gobobobobobobooboooooooooboo
gbobobobooboooboooobobobobooo
gbobobooboooooooboooboboboobo
gboboboboobooooooobooboboboonog
gboboboboooboooooobooobobobobo
gboboooboooobooosbolbolsooonoog
gooooooooboobbbobbobbooooooog
gboboboboobooooooooobobobonbo
gobooobobooobooobooooobo3bong
gboboboboobooooooooobobobonbo
gboboboobooboooooobooobobobobo
gobooobooobooooboossboooonog
gboboboboobooooboobooobobobobo
O00OFg. 1300000000000 0OO0ODOODOOO

DDDED]DDD

0 1330



Honda R&D Technical Review

Vol.21 No.1 (April 2009)

Juny
o
o

L

5 O
o o
T T

Adhesive strength
(N/ 6 mm width)
N
o

T

0 0.1 0.2 0.3 0.4 0.5
Amount of Mah (Total C = O)

o

Fig. 13 Relationship between Adhesive strength and
amount of maleic anhydride

- \
S | Die lineO Appearancell  Royghnessi]
£ |concealmentd
= OKO NG
& |no good (NG) Good
g 2
S | HE
© L c
o | Dielined Roughness =
£| concealment S
[e]
a 18
Former:0 Developed:[J Bad
(Single\aCCUmulation) (Multiple continuance)
| L L L L

10 20 30 40 50 60
Roughness of metal mold (um)

Fig. 14 Relationship between roughness and
roughness of metal mold for finishing

gobboobobooobbooobobg

gbobobobooooooooooooooooboon
gbobooooooobobobobobobooboooo
gbooboobooboboobooboooboobogPren
gboboooooobobobobobobooboooo
gbobooooooobobobobobobooooo
gobobooooooooboooooooboboboooob
it 20pmooooooooooobooboooboon
gbobooooooobobobobobobooboooo
gbobooooooobobobobobobooboooo
gboobooooooobobobobobobooboooboo
goboboboboboomsoy mbobooooboo
000000oo0oooooooooooooodrg. 14
gobobobooooooooobooboooo

gooogd

gbobobobooooboooooooooooooon
ooboooono 20800000 CRF-FOCRFXDODDOOO

ATvOoooooooooooooboboboobooog
gooooooooobooboobobobboooooooooog
gboboboobobooooooboboobobobobo
gbobooooooboboboboATVOOQOoog
gbobobobooboooooobooobobobobo
oooooobooobooooooboboooDbog2o008
goobooooob epPAODOOOOOOOOODOODOD
gbobooboooooooooobanb

gooo

goboobodbATV ODOoobooobooobooon
gboboboboobooooooooobobobonbo
gbobooooooboobd
gbmooooboobooooboooboooobooon
gooboooooooooobbooobooo c4D0OO
gboboo111b0b00boboooooooogon
gboobooooobooobooobo
gobmooooooboobooobooboboboboo
ooooooooooooboooboooOooD 200
goooooooooooooooboooboooboobooo
gboboboboboboboboboboboab
gboboboboboboboboboboboo
gooooooooooooooobobooboobooo
gooo
o0MmobooOob evoHOO HDPEOOOODOOO
gbooboooobooobossspgboooooooogn
gbobobobobobobobobooboobaon
gboooooooogood
gbmoooooobooboooobobobobobon
goooooboob sopmUiooboooboobb
gbobobobobobobobobooboobaon
gooo

oonod

goooooooboobobobbbobbboooooooo
gomoooboooooooooooboooooooo

gooo

0 O OKobayashi, A., Matayoshi, T., Kurata, K., Gotsu, H.:
Development of a Small-Sized Multilayer Fuel Tank for
Motorcycles and ATVs Complying with EPA Gasoline
Permeation Controls, SETC2008, 2008-32-0041 (SAE) /
20084741 (JSAE)(2008)

gobobobooooboboboobooboooooboooboo

00 00O Vol.45, No.5, p.67-72(1991)

0 1340



gbooboooooob ATvoboooooooooobobo

00MO0000000000000000000000
00000000000000000p.495300 00
0 (2008)

0000000000000 00000000000000
0000000000000 GIAODODOOOOOO
0] 0 20064408, p.34-38(2006)

e000m

gooon

0 1350





