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Design of injection mould for water distribution flange integrating two core-pulling mechanisms
HE Liucao', LI Wenlong’, TANG Zhi’
(1. Mechanical Engineering College, Hunan Mechanical & Electrical Polytechnic, Changsha 410151, China; 2. School of Intelligent Manufacturing
Ganzhou polytechnic, Ganzhou 341000, China; 3. Changsha Zhongyao Molding & Plastics Technology Co., Ltd., Changsha 410137, China)

Abstract : Aiming at the challenges for complex demolding of a three-pipe four-way water distribution flange plastic part
featuring undercuts in five directions and a total of eleven core-pulling directions on the inner and outer walls, a two-plate injection
mould with one mould and two cavities was designed. By optimizing the placement orientation of the plastic part in the mould, the
overall mould dimensions were minimized and the arrangement of each core-pulling mechanism was made most compact. Two core
demolding difficulties were mainly addressed: First, to solve the spatial interference issue on the same side where a horizontal core-
pulling in a certain direction on the outer wall and two oblique core-pullings in other directions on the inner wall of the branch pipe
are located, an innovative three-directional two-stage core-pulling composite mechanism was designed. A tunnel slider equipped
with internal oblique T-shaped guide blocks drives the cylindrical core pins of the branch pipes to first complete 30° and —21°
oblique core-pulling, and then a hydraulic cylinder drives the main slider body together with the side forming block to complete the
horizontal secondary core-pulling. A safety locking slider and a stroke stop rod are provided for sequential protection and precise
stroke control. Second, to address the challenge of two discontinuous internal threads inside a pipe requiring core-pulling perpendicu-
lar to the main pipe direction in a confined space, an innovative two-way core-reduction two-stage core-pulling composite mecha-
nism was designed. An angle pin drives a core-reduction driving block, which drives the two internal thread inserts via oblique guide

rails to first complete axial core-reduction, and then a hydraulic cylinder drives the main slider to complete horizontal core-pulling.
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CAE analysis of the gating and cooling systems was conducted using Moldflow software, followed by actual mould trial verification.

The results show that the filling time is about 1.76 s, the maximum injection pressure predicted by CAE is 23.3 MPa and the actual

injection pressure is 26.8 MPa. The peak clamping force predicted by CAE is 380 kN, and the measured value is 410 kN. The cool-

ing time is about 18 s, the actual molding cycle is 37.2 s and the warpage deformation is controlled within 0.3 mm. Coordinate

measuring machine inspection shows that all 11 critical dimensions are qualified, the surface roughness Ra is less thanl.6 wm, and

the yield rate over 2 000 consecutive production cycles is 98.5%. This design provides a systematic technical reference for the mould

development of similar complex plastic parts with multi-directional demolding requirements.

Keywords : water distribution flange ; injection mould ; composite core-pulling ; slider-in-slider ; CAE analysis
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Fig. 1 Plastic parts structure
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Fig. 2 Wall thickness distribution of plastic parts
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Tab.1 Main performance parameters of PP+T20 material

Performance item Value
Density/(g*cm ) 0.97-1.05
Melt flow rate (230 °C/2.16 kg)/[g* (10 min) )] 10-20
Tensile strength/MPa 225
Flexural modulus/MPa =1 800
Izod notched impact strength (23 °C)/(J+m™") 225
Heat deflection temperature (0.45 MPa)/°C =110
Molding shrinkage/% 0.8-1.2
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Side view

Front view

G, G,,L,,L,,w—w;, h,C,C,b,c, c,—~The same as Fig.1;

¢;, ¢,—Inner ring recesses; F:il{—]éore-pulling direction;
F, —Mould opening direction; #,,—Mould closing direction
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Fig. 3 Analysis of demolding direction and challenges
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(a) Core institutional components

Inclined plan

(b) Institutional structure design
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(c) Overall structure

1—G, cylindrical core insert; 2—G, cylindrical core insert; 3—Side forming block; 4—Tunnel slider; 5,6—Inclined T-groove guide blocks;

7—Wear-resistant plate; 8—Main slider body; 9—Safety lock slider; 10—Cylinder push rod T-head; 11—Cover plate; 12—Clamping strip; 13—Support-

ing block; 14—Hydraulic cylinder; 15—Supporting plate; 16—Limit switch; 17—Travel control rod; 18—Bottom wear-resistant plate; 19—Stopper bar;

20—Locking block; F,—F —Core-pulling direction; M1—Institutional number
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Fig. 4 An innovative design of a three-directional two-stage composite core-pulling mechanism
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(d) Overall mechanism structure

21—L, Internal thread insert; 22—L, Internal thread insert; 23—Core
retraction driving block; 24—Z,/Z, Cylindrical core; 25—Z, Main slider;
26—Tunnel driving slider; 27—Oblique guide pillar; 28 ,29—Clamping

strips; 30—Connecting block; 31—T Block; 32—Hydraulic cylinder;
33—Slider base; 34—Wear-Resistant plate; /,—Core-pulling direction;

F, —Mould opening direction; /,, —Mould closing direction;
M2—Mechanism number
s —Fh2 4. 2 WA AL B i

Fig. 5 An innovative design of two-way core reduction and two-stage

composite core-pulling mechanism
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(c) Forming characteristics of
mechanism M4

(e) Component formed on the moving mould side
F,, F,—Core-pulling direction; 35—Z, Cylindrical insert; 36—Tapered
guide pillar; 37—Slider; 38, 41, 42—Local forming inserts; 39—Slider;
40—Tapered guide pillar; 43—Cavity insert; 44—Core insert; PL—
Main parting surface; M3, M4—Mechanism number; R, R,—Runner
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Fig. 6 Design of demolding mechanism components for inner and

outer walls with general difficulty
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Fill time=1.756 s Press of filling end=23.28 MPa

[s] [MPa]
l1756 2328 R Q
1.317 17.46
0.878 11.64
0.439 5.819
0 0

(a) Filling time (b) Filling pressure

Deformation; all factors are
deformed factor=1.0 0.27 mm

Circuit coolant temperature
=25.74°C

[mm] [*C]
03056 . 2612
02390 25.85
0.1723 25.57
0.1057 2529 w,
0.0391 25.01
(c) Warpage deformation (d) Cooling channel design
Melting line=135° Time to reach the ejection
[°] temperature, part=31.07 s
Ji3s & [s]
101 | FE, o | 31.07
63 \M AN < 25.02
AN - 15.54
4 T 7.280
0 & 4
X 0

(e) Weld line

Q,—Mould cavity number; w,, w,, w,—Single-cavity cooling channels;

(f) Time to reach ejection temperature

R,—Main sprue; R,, R,—Runner; ] —Submerged gate
7 RRREGRE B B CAE S AT
Fig. 7 CAE analysis of mould cavity gating and cooling design
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I IRAEL) 1.76 s P58 USRI Fe38L, I Sl e
PREFE 215~225 °CYa Bl IR 43 A 5] R LS
PRI R I, A R TARUESR I R 4L — 2L
Yo TR 1508 R B KT R /12974 23.3 MPa,
FEFEIBHLAUE G RN . B a5 R (18] Te)
FEOH IR AR T YRR IR RZ T I8, X a1
XTSRS /N, ABE T U{ 244 380 kN, 52
W5 R S AL {5 347 ] i L SR 1S9
3.2 A Rsakit

7 R ABAIL RS 2 HE AT 0 BRI, B v H1 R 3
ZREN 10 mm PR EAEE . WAl 7d PR | 8
PF 43 IR TE w, LSRR 44 IR T w,
P39 IR T w,o AR TE I E LR HIKA
P12 35 4 25 °C L Jit f  6 L/min, CAE 234
LR SRRV HI 2 18 s J5 BE A IR B I 28 T Y U
JE (2985 °C)LAN (K] 71) , B i 2 1 il B2 43 A 3420, Ui
ZEPEHIAELS CCLAN o YR N4 IE 5 1l 0 3R 1T 1 7 5
TRHFAE 12~15 mm, BEARIE T HIBCR, SR T JR)
T FEG RN R ISR . RN 2R 35 s
(Bt 1.76 s RS s R E118 s, FFA BT H 24
10 8)o ZREN T EAFA R RN LB T /R H,
SR A T B 45 A 0.3 mm LAY (8 7c), 5 12 R
SRR
3.3 IEEIE

SE PR R P K MA1200 73801, FE T 2
SR CAE BT WL 2, 45 R E W] CAE &
SRIEM A RAF, TAE DA,

*2 CAEWMMESERIZSHMSTEE

Tab.2 Comparison of CAE predicted and actual process parameters

Parameter CAE predicted Actual value
Injection pressure/MPa 233 26.8
Holding pressure/MPa 20 22
Holding time/s 4.2 4.5
Mould temperature (core)/°C 31 32-35
Cooling water inlet/outlet/°C 25/28 25/28.9
Clamping force/kN 380 410
Cooling time/s 18 20
Molding cycle/s 35 37.2

4 RELEWIEIT
4.1 HALEARZH
4.1.1 MR

W 8 i , AR FH AR 45 4, SR TF A8
FAUCTBU , — B P A R (Q, QW FkA ) ARLEL
ARAME R SF R 650 mmx550 mmx480 mm , 4 i & 24

2.3 to BEAREE AR AE IR IC (LKM)CI Y PR i B 42,
¥ N C1-4550-A200-B180-C150., & 1 3 43 Hy 1 b
47 ERENT 46 ZH 1 5 SIARER 7 Hh s A 48 A 52
AR 53 HEAR TR 54 MR MR S5 L0, FAE45 5
T 50 Bl A ORI A RO EE , DU AR B 5T i —
ARG . PR 6039501 B TN T Y,
PRAUETS I 52 T3 3 5P . Pl e 49 HT T R B A
B8 5 1K BE o PRAPAE 51 )7 1A B s i A A7
I A o TR T R A NAT A A

P B AR RN R i 43 FI Y
SR 44 2R 718H i A 8 e A 5L (B B 33~37
HRC), HA KA Ma P R R b 45 0 Bk
(CEWHA 8. Z, N 25 Wb 37 W 39)2K H P20
BRI (2 28~32 HRC), i PR RE B 4 5 BAE AL
BEF(1.2.24.35) RN IR ST (21 .22) 2K T H13 #4
VERSTELAN (R 5 48~52 HRC), 8 EL2S VK Ab 3, B AT
DG B R S 1 A EAES S P s 427 .36 .40) SR T
RIS H(5.6)K H SKD61 (F# & 50~55 HRC); 5111
T B T % bR ] Cr12MoV (i B 58~62 HRC)a§;
il G A+ S T TR R

(b) Moving mould

222135
2423 | 137588 36 \i3
275

\
SN

(c) Mould mechanism installation
1—44—The same as Fig.3—6; 45—Guide pillar; 46—Fixed plate;
47—Panel; 48—Moving plate; 49—Balance block; 50—Guide bushing;

51—Protective pillar; 52—Mould base plate; 53—Ejector plate;
54—Ejector plate cover; 55—Base plate; 56—Reset rod; 57—Side lock;
58, 59—Sprue pin; 60—Support column; KM—Mould opening surface;
Q,, Q,—Cavity numbering; M1-M4—Demolding mechanism number-
ing; F/, —Mould opening direction
P8 RLEZ5H 5 T AR

Fig. 8 Mould structure and working principle
4.12 PBLAEAM MI~M4 EHFER & 02K
UNTE 8¢ fir7s , DU ZH HLAG ZEARE B Y ] 52 -+ X AR
i &SRR A A e S 2. 2% L Y B)
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2026 4E, 45 54 4 55 7 W)

VR 3 2xk v SR AL T R e S5 AT R T A7 5 B At
P B ORI PR T 5,
413 TREMM

T H MLAS) Fh AR 53 AR 35 A 54 B AT 56 K
THEF 58 .59 4 i, TH%T 58(@6 mmx6 )4 & T ¥t
IS NGRS X 88, T4 59(08 mmx4 304 & T £ 4
TE PSR DI, 00 1 5 R 40 mm,

4.2 BATAERAE

255 8e  BIE TAE AN .

(D)7 AP, BT 20 e BB K oy
S B4 W e T 14 32 b TR BOIRA Bk s
FFEE R, A E R/R, M58 1 T1 AR, 5E T
PR S Hd R

()P B R AR AL Bh a5 1R
BEENT KMIAAT I . PR FR b, e i 46 BE 35
O3 BHAE 27 SRSl R T K sh i B 26 1E Z, i
25 NI 3N, Sh AR S SR Bl e 23 SR Bl L, N IR S 1
21 FL, N RS 22 58 Bl ) 4 s e (FLAS M2
S5 — A ; RIS, B4 36 SR 8l i Bk 37 K 73
FEGA 35 52 )0 F, ) s (HLAG M3) s AT 40 4K 5)
T 39 KOl AR 41 .42 52 ) F, A0S (ILK M4)
TR EIN G , R X R 8

Q)T . FRESE RS , LR G R G
WSl AT EL I - 158 TED 14 3I4E , e siiE E ¢
ol RS K B O R BRI, 9-OK Bl R T T B 4 7
SIRET B S 6 3K 8l G, R BN EE: 1 FIG,
FERLEVERAE 2 58 B F, F I RHHES BRI W e 4 9 1Y
FF 19 FRAOLIS WL 14 425K 2 3= 1 HufA 8 Rl i A
e 3 58 B F 7K S (FLAS ML) . K,

THGL 32 s, WK sh Z, =W 25 74 5h Z,/Z, [ A LS
24 Jo TSR 1) PN SR SC A A AR S8 1 F Tl 40 (LA
M2 55 R ). S EINAE S AT L 16
SR BT RS

(AT« AR SR S8 U , ST
FHEML 53 A BN TIAT 58 .59 B B 1E Rk E 44 |
T, SE i

(5L TR ALY S 52 A7 ; Bifi i VR T 32 Sz [ 3K
BIHLK M2 S A7, T 14 52 A SRS LA M1 & A 5 i
Ja ARSI R, AR TE AT R T B ALK
B P AL, GE RN B P TR R A5 B PR R B R
Ve He O E B B 20 A4 N FE BT E I G TR
4, FEME B BERIRE .
4.3 Ak FIGE

MY = S ST AN 9 s o B BRI, 45
AU SRR T R

K9 IS
Fig. 9 Physical plastic part

AR BRI ARSI 11 A R R, A
*%(%%3)0

3 RBEBTEHRTRILEREHE=30)

Tab.3 Dimensional inspection results of key features (number=30)

Feature Nominal/mm Tolerance/mm Measured mean/mm Max deviation/mm Pass rate/%
Z, inner thread major diameter 32.00 +0.15 32.05 +0.08 100
Z, inner thread minor diameter 28.50 +0.12 28.52 +0.06 100
Z, outer wall width 48.00 +0.20 48.10 +0.12 100
F; core—pulling side length 35.00 +0.15 35.08 +0.10 100
G, branch pipe inner diameter 16.00 +0.10 16.04 +0.05 100
G, branch pipe inner diameter 12.00 +0.10 12.03 +0.04 100
C, T-slot width 8.00 +0.08 8.02 +0.03 100
k,—k, card tongue height 3.00 +0.10 3.05 +0.06 100
Hole h: diameter 5.00 +0.08 5.01 +0.02 100
Screw post bi height 10.00 +0.15 10.09 +0.11 100
Overall length 102.50 +0.25 102.38 —-0.12 100

JUST RS A < 2R FH = A i I 2 /% (ZEISS
CONTURA G2)*F #8411 4> S48 R ~F yEA 6l , fe

AR BTE AN 236N o B R i 220 2,5
BE AR AR (+0.08 mm, 23 254015 mm), £ 4% 3 97%
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(G 30 14) .

FETADHELRE B2 < SR MDA B2 (SR I, 3847 1 BE Ra=
0.8~1.2 wm, P BE Ra=1.2~1.6 pm, i /£ % 123K (Ra
<1.6 pm),

AT - H AL K B A, TG R
SEHR AW Bl ba BT h i .

Az e Ra e M L IE SR AR P 2 000 1 BEE SR IE
IR RN, SRR 98.5%, BB G A i
Kl 1.2%) PR AR IR (1 0.3%), & T2 MM s
ATPEHIAE 0.5% LAY .

ARIR

5 it
(V) EFRE 43 7K 22 B4 5 AN 5 8140 11 /S s
D7 1) O 2 R T R e E T 3 B e B R A4

A1) — B A s VA AR L
Q)BT A IB RO 7, A HAE R R e
AN AEE S AT ] 9 S EE RS RN 6 A4~ 1] 114 PR RE T
BEAEA B2 (B AR LU 7 A B
m@%&ﬁ%:m*mﬁAmﬁmli%
FH BT b oy R T B S IR Sl B A s

SE R 30° F1-21° 43} ) ot ﬁﬁa‘{ﬂaﬂ@ﬁzﬂz{%ﬁ%%
SE K A, A R T R 22 s 5

(] 1 5 R B 80 0 A %Baffm%f/ﬁﬁ%%ﬂﬁﬁéﬁ
BETHAOR 1 PO AT AT SEHE

(4) B BT 1B T 0 ) 400 IR ALY
Mz,m;wegzlﬁm%ﬁzéﬁfmmwm/rm%@z
B, MRS 9K B e AT o0 iU 1) s, P R G
UK 5l F2 W e BKSEAEs S T S e
BN IR RN

(5) Moldflow CAE 3 Hr ik T HEvE RGL AL HI
RGBT A, RO R A R A
SEBRAEE T 22805 CAE W) & B 4T, S2hr %)
Jili37.2 s, S AR TE AR HIFE 0.3 mm DA .

(6) 5 B A= 7= 6 F % B < DU 21 A AL A4) 3l 1 P

AT AR SR o = AR A 118
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