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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, 
Multi-field CAE, Structural analysis, Re-melting, Reservoir fluid tank
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Table 1 DTI, IM/TB(Injection molding/ 
Thermal bonding), BM(Blow molding)

. 

DTI
Multi-field CAE . 

. 

DTI IM/TB BM

Part precision

Leak

Pollution degree

Quality

Process stage 2 5 3

Productivity

Manufacturing cost

Investment Low High Low



- 68 -

Die Turning Injection Multi-field CAE 

- 3 -

. 
, 

re-melting . DTI

.

Fig. 2
. 

247 , 1.65mm . 

PP BJ192(Hanwha total) Value

Poisson`s ratio 0.392

Young’s modulus 1,340MPa

Density 0.928 g/

Yield strength 28.4MPa

2,852 , 1.8
. 

. 

. Table 2
PP

.
  

Fig. 3 . 
Coarse

fine
, ANSYSTM SOLID187

228,270, 754,850

. 
3

, Table 2 . 
(1.8kgf) 

. 
xyz (5G, 5G, 10G)

.

1
154.3Hz . 

, 1 48.7Hz 32Hz
. 

PP
. 

, 

(Fig. 4). 

, 

, .



- 69 -

- 4 -

(MoldflowTM) . 1, 2
(Fig. 5). 

DTI 1
, 69 

MPa , 240 tonf (Fig. 
5(a)). , 

, 2
PP 1 PP 

. 1
2 Fig. 5(b)

. 2 , 
, . 

1
2

1
, 

2 Re-melting 
. Fig. 6(a) 1

(25, 70, 100, 122 )
2 re-melting . 

1
re-melting
.  

PP
122 , 

. 

. Fig. 6(b) 2

, , 



- 70 -

Die Turning Injection Multi-field CAE 

- 5 -

. 
10)

.

Fig. 7 DTI 2
. 

, 
, 
. fine

. 

. 300kgf , 

. 

, 
. 

3 , 
4 . 

. 3 DTI
Fig. 8 . 

.

DTI
Multi-field CAE 

. 1) 
(modal) (harmonic) 

, 
1

48.7Hz 32Hz
. 

PP
. 2) 

(Injection molding) 1
2

re-melting , 1
2 1

, 
122 re-melting

. 1
2

, 

. 3) DTI 
(stress 

analysis) . 
3

, 

. 1)~3)
Multi-field CAE , 

DTI 
. 

, 

2
.

 
(S2978687(SE200100))

, ( ) 
.



- 71 -

- 6 -

1) A. Patila, A. Patela, and R. Purohit, “An overview 
of Polymeric Materials for Automotive 
Applications”, Materialstoday: Proceedings, Vol. 4, 
Issue 2, Part A, pp. 3807-3815, 2017.

2) L. N. Shafigullin, G. .F Muhametzjanova, A. A. 
Muhamatdinova, A. M. Sotnikov, and G. R. 
Shafugullina, “Usage of polymeric fuel tanks in the 
automotive industry”, IOP Conf. Series: Materials 
Science and Engineering 412, pp. 1-3, 2018.

3) S. J. A. Rizvi, “Effect of injection molding 
parameters on crystallinity and mechanical 
properties of isotactic polypropylene”, International 
Journal of Plastics Technology, Vol. 21, pp. 
404-426, 2017.

4) M. Kurt, O. S. Kamber, Y. Kaynak, G. Atakok, and 
O. Girit, “Experimental investigation of plastic 
injection molding: Assessment of the effects of 
cavity pressure and mold temperature on the quality 
of the final products”, Materials & Design, Vol. 30, 
No. 8, pp. 3217~3224, 2009.

5) W. R. Jong, S. S. Hwang, C. C. Wu, C. H. Kao, Y. 
M. Huang, and M.-C. Tsai, “Using a Visualization 
Mold to Discuss the Influence of Gas Counter 
Pressure and Mold Temperature on the Fountain 
Flow Effect”, Intern. Polymer Processing Vol. 33, 
No. 2, pp. 255-267, 2018.

6) T. K. Nguyen, C. J. Hwang, and B. K. Lee, 
“Numerical investigation of warpage in insert 
injection-molded lightweight hybrid products”, Int. 
J. of Precision Engineering and Manufacturing, Vol. 
18, pp. 187-195, 2017.

7) S. J. Jeong, S. J. Moon, S. K. Jeoung, P. C. Lee, 

and J. H. Moon, “Optimization of process 
parameters of die slide injection by using Taguchi 
method”, Korean Chem. Eng. Res. Vol. 50, No. 2, 
pp. 264-269, 2012.

8) H. J. Lee, B. D. Jooa, Y. B. Moon, C. J. Van 
Tynec, and Y. H. Moon, “The die turning injection 
(DTI) process for the fabrication of hollow parts”, 
Journal of Materials Processing Technology, Vol. 
212, pp. 808-816, 2012.

9) G. J. Bex, W. Six, B. Laing, J. D. Keyzer, F. 
Desplentere, and A. V. Bael, “Effect of process 
parameters on the adhesion strength in two
component injection molding of thermoset rubbers 
and thermoplastics”, Inc. J. Appl. Polym. Sci., Vol. 
135, Issue 29, pp. 1-8, 2018.

10) Y. Murata, T. Nakanishi, N. Hirai, F. Kawanishi, 
and H. Ibuki, “Development of Mold for 
Demolding Resistance Measurement in Polymer 
Injection Molding”, Sensors and Materials, Vol. 
31, No. 10. pp. 3099 3110, 2019.

1998 8 : 
( )

2002 7 2006 12 : 

2010 12 2014 1 : 

2014 1 2015 3 : 

2007 1 : 
, 

< >
, , , /


