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Abstract: In this study, die turning injection(DTI) mold design for manufacturing reservoir fluid tanks used for cooling

in-vehicle batteries, inverters, and motors was conducted

based on multi-field CAE. Part design, performance evaluation,

and mold design of the reservoir fluid tank was performed. The frequency response characteristics through modal and
harmonic response analysis to satisfy the automotive performance test items for the designed part were examined.
Analysis of re-melting characteristics and structural analysis of the driving part for designing the rotating die of the DTI
mold were performed. Part design was possible when the natural frequency performance value of 32Hz or higher was
satisfied through finite element analysis, and the temperature distribution and deformation characteristics of the part after
injection molding were found through the first injection molding analysis. In addition, it can be seen that the temperature
change of the primary part greatly influences the re-melting characteristics during the secondary injection. The minimum
force for driving the turning die of the designed mold was calculated through structural analysis. Hydraulic system design
was possible. Finally, a precise and efficient DTI mold design for the reservoir fluid tank was possible through presented

multi-field CAE process.

Key Words: Die turning injection, Injection molding simulation, Modal and harmonic response analysis, Mold design,
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2. Reservoir fluid tank & DTI

2.1. Reservoir fluid tank
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Fig. 1 Location and role of the reservoir fluid tank in the
vehicle

Table 1 Comparison of reservoir fluid tank manufacturing

methods
DTIL IM/TB BM
Part precision (@) O A
Leak O O ©
Pollution degree © A O
Quality @) (@) A
Process stage 2 5 3
Productivity © O ©
Manufacturing cost © O A
Investment Low High Low
O excellent, O common, A: bad
Table 194+ DTI, IM/TB(Injection molding/

Thermal bonding), BM(Blow molding) .2 5% A2}

Ale] FEA HaE BolFaL Q.
3. Reservoir fluid tank analysis

AEE A

it
]

2
-4

oAM= 2 An ' DTI

B )
7NekS- 913l Multi-field CAE &142 A a5kt o
A o7 AEL] AeEFA A 7Y o3 WE
S whE 98] AAlE 2dd gigk 2e 9 s}
BYSH XS ekt oju Uil A7t

_67_



2|Xe E8=3.2] Die Tuming Injection &

22 98t Multi-field CAE siA

&= 499k 9l Aol el sjae Asfsle] F
T SHEAS Fekelnh ek Y mds A}
%}\365]6‘]'7] -CH?ZS} /\]—% é&]sﬂ/ﬂ o z]ﬁg ]_ .Q_Ut], ]
ol 7 Fo3 IRIEE A8 AEAAES S
AT re-melting S-go|c}. viX|eto 2 DTIF Y
o] A& FES Y3 1o "ol F2EA
#ale Faaen

3.1. Reservoir fluid tank model
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Fig. 2 Shape & geometry of reservoir fluid tank model

Table 2 Material properties of PP for reservoir fluid tank

PP BJ192(Hanwha total) Value
Poisson's ratio 0.392
Young’s modulus 1,340MPa
Density 0.928 g/cm
Yield strength 28.4MPa
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3.2. Modal & harmonic response analysis
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Fig. 3 FE model and boundary conditions for modal &
harmonic response analysis

Fixed B.C.— N

48.701Hz 67.384Hz 73.170Hz 81.957Hz

.?ll‘

88.622Hz 92.455Hz

‘ . o Ampitude(VPa)

~8
H
104.41Hz §
5
£

i |

0
001

o 2 B 4 5
Frequency(Hz)

Fig. 4 Results of modal and harmonic response analysis for
reservoir fluid tank with liquid
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3.3. Injection molding analysis
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Fig. 5 FE model and processing conditions for injection
molding analysis
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Fig. 6 Results of injection molding analysis for reservoir fluid
tank((a) effect of insert part temperature, (b) wampage
response plot)
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3.4. Turning table stress analysis
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Fig. 7 Results of structural analysis of rack and pinion for turn
table core rotation

Fig. 8 Designed and manufactured DTl mold for reservoir fluid
tank injection
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