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Design of foaming mould and ring-shaped automated molding machine for automotive headrests
LIU Yikao', ZHANG Qfi’

(1. Huzhou Vocational and Technical College, Huzhou 313000, China; 2. Huzhou Puresci Mould Co., Ltd., Huzhou 313000, China)
Abstract : Aiming at the automated production requirements of polyurethane foam plastic parts for passenger car headrests, a
foaming mould and a turntable-type ring-shaped production line molding machine with 12 stations were designed. Semi-rigid poly-
urethane foam system with molded density of 110—130 kg/m’, 25% indentation load deflection of 280—380 N and rebound resil-
ience of no less than 55% was selected as the foaming material. Simulation analysis with computer aided engineering (CAE) was
conducted on the cavity foaming process to analyze the key parameters such as foaming time, bubble radius distribution, temperature
field and pressure field of the cavity. A foaming mould consisting of upper and lower cavities was designed, with the upper cavity
adopting a clamshell mould-opening mechanism and the lower cavity equipped with positioning blocks for the pre-embedded steel
structural rod frame and clip-type clamping mechanisms. A turntable-type ring-shaped production line with 12 stations (turntable
outer radius of 1 095 mm, adjacent station included angle of 30°) was developed, integrating a feeding mechanism, an injection
mechanism and seven auxiliary manipulators. Simulation analysis results demonstrate stable filling behavior, uniform bubble distri-
bution with an average radius of 0.08—0.18 mm, maximum cavity temperature of 78—85 °C, and maximum cavity pressure of
approximately 0.15 MPa. Pilot production of 200 parts indicates a molded density of 115125 kg/m’, 25% indentation load deflec-
tion of 295-365 N, pre-embedded steel structural rod frame position deviation between —0.3 mm and +0.3 mm, and the qualification
rate of the final molding product reaches 98.5%. This design effectively combines the foaming mould with the ring-shaped automat-

ed molding machine to achieve fully automated production of headrest foam parts from material injection to part removal, with a
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single-part cycle time of 45 s and a theoretical production capacity of 80 pieces/h, providing a complete technical solution for the

development and construction of moulds and automated molding machines for similar products.

Keywords : polyurethane foaming ; headrest mould ; ring-shaped production line ; simulation analysis ; turntable-type mold-

ing machine

RE M —J T4t oA A S TR gL A
(—NH—COO—) 4Tk il 2o 5 2 7
TR AN SR A R VA . SRR & R ) ik
AR SRR R 5 2 ool RN A L S R R
KA, RlEF K 5 SaURR Ee RO 77 CO, A,
SRTER G AR P i KK, T B L TR 2
FU % T2 A O A T T E o R T S
TSR, 3D T o R S A JoT 36 TR 114 T 1 e
RIS, 5 AU ) 2R GEL A 0.05~0.2 MPa), X
L Fy 5 P R B (R T S AR

R g K WA T A e 4 AU N T
2, FER TR b AR T AR 7 0] B AR
PRI P2 STAE SR, CAE 1 B A B & B & 0
T AL P A B P & S . Moldex3D b2 & i e
BRI Ao 2 PRI I AR AL v ) [ Ak B ) 2 RN & i B
J12F AL T T B R kv B B sh A AT MY
Beverte S5 "F5E 1 25 BHSLE H AE o7 2R S IRV R R
WML ; Ren 25555 TR ELAAS 0 I G i
AR PERE S M LB s Wu 2508 57 T ek S g
RS A B ] T B AR A s R s ] o FEAR LT
5 T, AR X S IR R A T AL R
BHERERETT T R G HT s TARE S57%0 2l & il
BEEMAE B AT T ot S efeideit . fedr=
LRIZ, A FRAEON T — R R G R
QR R AR R RS T ) 2N TR E
VAR R S R ) SR S R T R R A

SR, A 98 R 2 W BT 5 4 7 ikt
EN R |, il = A 554 —CAE 2 B — B 2 1%
T B LR RGP ik teAb, S X
A TR B 2R 0 Sk P & 1 98 | AL 17 T
PRE DR B TFA 8 B B AbaE Bt 45 5 DA R R
ARG

ARSI R 42 Sk b BB X 4, RS
TF e BB R S5 K0 2 Bt M RLE Y | CAE {f FL 56 IE 2]
PR B 12 TA 5% SN Btk 2 i AU HL s T
() SERERIETY , L T —& i 1) A sk A= 1St &
WU RGEfR T 58, R IR 27 S s L R A 7 2
RS %

1 RELGTUENT B LRB U
1.1 #B4H%H

FEVRARA Ry P A 2R A 2B &l 1
JioR o SR SR 2R A AR (C )R AR, rhoCaEB 7 T
B G5 FTAR(C2, AR 11.2 mm), FH T3k -5 E Ry
SEW TR . IHIMEARE R ST 149.2 mmx
205.1 mmx256.1 mm, BAF5 389.9 cm®, A fdE T A
B SR TR T 500 IRIB AR K RE
JELASJRL , SR RS Yy e LA S B, 3 B R R &
Babeit KL s T2,

— 205.1—

—149.2 —

(a) 3D model of the part

(b) Outline dimension drawing

Cl—Polyurethane foam; C2—Pre-embedded steel structural rod frame
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Fig. 1 Schematic diagram of automotive headrest foam part (unit: mm)
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R 1 Bayfill® EA 6004 % a4 13 818 M g S5
Tab. 1 Typical properties of Bayfill® EA 6004 foam material

Properties Value
Free-rise density/(kg+m™) 96
Molded density/(kg*m™) 110—-130
25% indentation load deflection (ILD)/N 280—-380
Rebound resilience/% =55
Tensile strength/ kPa =180
Elongation at break/% =120
Compression set (70 °C,22 h)/% <10
Service temperature range/°C —40 to 90
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(c) Weld line distribution
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Fig.2 CAE simulation results
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(a) Parting line

PL

(e) Lower mould structure

PL—Parting line; 1—Upper cavity; 2—Lower cavity; 3—Magnetic
block; 4—Spring plate; 5S—Hinged seat; 6—Bearing; 7—Rotating shaft;
8—Assisted mould-opening power spring; 9—Spring block; 10—Longi-

tudinal rib; 11—Buffer; 12—Locking handle; 13—Clip anti-loosening
plate; 14—Clip; 15, 16—Pre-embedded steel structural rod frame posi-
tioning blocks; 17—Baffle plate; 18—Latching foot; 19—Sprue bush-
ing; 20—Press rod elastic seat; 21—Positioning magnetic block;
22—Lower mould support; 23—Transverse rib; 24—Spring retaining

seat; 25—Lower latch.
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Fig.3 Design structure of foaming mould
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(d) Injection mechanism

(e) Overall layout of production line

S,—Feeding mechanism; Zy—Injection mechanism; Mj—Foaming mould; Qp—Drive central shaft; R,—Outer radius of turntable; R,—Maximum outer

edge radius after installing joint plate; A1—A12—Station numbers; 26—Connecting plate; 27—Magnetic holder; 28—Mould carrier plate; 29—Latch;

30—Turntable; 31—Base plate; 32—Servo motor; 33—Worm reducer; 34—Support table; 35—Central gear shaft; 36—Base; 37—Batching motor;

38—Batching pump; 39—Injection cylinder; 40—Injection mechanism oil cylinder; 41—Guide rail frame; 42—Support; 43—49—Auxiliary manipulators.
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Fig. 4 Design of turntable-type ring-shaped production line molding machine with 12 stations
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Tab.2 Sequence of operations at each station in

Station Action name Action content Action time/s Actuating mechanism
Al Mould cavity injection Close the mould and inject the polyurethane mixture 3.5 Injection mechanism Z
A2 Initial foaming The reactants foam and expand ‘
A3 Middle foaming The foam body continues to grow
A4 Late foaming The foam basically fills the mould, and curing begins
AS Curing completed Curing is basically complete
A6 Forced air cooling Cool with high-pressure air 40 Manipulator43
A7 Mould opening Toggle the mould clamping handle and lift the upper mould 5 Manipulator44
A8 Part removal and inspection Remove the molded part 5 Manipulator45
A9 Mould cavity cleaning Blow off residue and flash Manipulator46
Al10 Insert installation Place the locating block and press it firmly 10 Manipulator47
All Spraying release agent Automatic spraying Manipulator48

Al2 Mould closing and clamping

Press down the upper mould and latch it 5

Manipulator49

5 IZESHE5EFRIE
5.1 (I EAN
FEFARYUA S T 2 RIS EOL 3.
5.2 A FEE
R UF AL R K R T R SE PR A AT
FESIR A T AL BB AL 1 Al 58 BT HEHLIR
il A, & RS EL AN A Sa TR o SRR
S A 200 1Sk AL K I BB A, &I S A N A Sb
JIE 7R, AR AR (4 G HEFG Bk R A0 % B O 115~
125 kg/m’( H #5718 110~130 kg/m®); 25% JE [ 6 Ji
(ILD)>} 295~365 N( HAR{E 280~380 N); Xif T~ ik

B (LIRS 0Bk , AN HH 304 ol T A6 3 1 5 X
T HUER A B AR 22 (L), —0.3 mm<A<+0.3 mm ( HF5
{H—0.5 mm<A<+0.5 mm); #L K505 Y 7= i A4
N 98.5%. CAE TR (14452 Jis fie v iR (78~85 °C)
5 5 i e Y E (80~82 °C) IR 2515 5% LA 3 i<,
11242 (0.08~0.18 mm) 5 UL {H(0.10~0.16 mm)
ARYIE  BUE T 7 AR A] Sk
6 it

(1) A 3C B3 19 74 Sk dE e i 98 1 ik
Covestro Bayfill® EA 6004 -1 Jit 58 & R il A A & |
1 %5 B Sl 110~130 kg/m’, 25% J [ B i A 280~
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Tab.3 Key process control parameters

Process parameters Control value Remarks
Mould preheating temperature/°C 45+2 Station A12—A1
Component A temperature/°C 2542 Modified MDI
Component B temperature/°C 25+2 Polyol mixture
Mixing pressure/MPa 15-20 High-pressure impingement mixing
Injection pressure/MPa 10-15 Mould cavity injection
Injection time/s 3.5 Metered injection
Injection weight/g 620—-650 Corresponding to a molded density of 110—130 kg/m’
Foaming time/ s ~40 Station A1—A2
Curing time/min ~2.5 Station A2—AS5
Cooling time/s 40 Station A6
Each station cycle time/s 45 Rotation 5 s + dwell 40 s

(a) Foaming mould

(b) Foamed plastic part
S AR R
Fig.5 Foaming mould and plastic part
380 N, [543 >55% , it 2 e FH 7 22 S A i 2 4 5 47
K,

(2)%E F Moldex3D 1k 2 & LI L (1) CAE 15
Iy BT K FEIEI R 20 4 42 s, SR
0.08~0.18 mm H. 43 1ii $4 5] , 458 Jis s (e Uik 5 by 78~
85 °C, JG Jey il o #4 , A5 e K 1294 0.15 MPa,
A PR BIEIR I FE W, CAE T oy s i v 1L 2 15 52
B 0] e L Al 22 7E 5% LA N 5 T A< 34 2 422 (0.08~
0.18 mm) -5 WM{E (0.10~0.16 mm)FeAR W) &, 4550

SRR IFEA BV R N, S0 T (5 BRI T R

(3) 8 e 0B L LA - F R NG 58 T
RUTAT, A AR P 25 TR 285 4, 30 3 e e e
S AT B Bl 2l ) s S A SR R R
AT BT B 2 (o B R I e AL, B PR T
FAFFE LR BE  . BLELAPRNE ] 6061-T6 48 &
&, T FON 167 W/(m-K), H T vk 2 B
Tk,

(OB T 12 TA L F R K e R, 4%
FANFAE R 1095 mm, 124 T A2 [ J& 2404 (2 £
30°), EBGE B B R T A% B LR T,
R FE R ARL i WA TR R B T
PR AR AR 9 A T A SR AE R A

7o AR AR IR LA E IR0 5.5 kW, BT Is 8 A
gl L i=60, T 1A A 45 s, BB AR A
19174 9 min, B IR HE N 80 14/h,
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