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Abstract

In Taiwan, the injection molding industry plays a crucial role, as products ranging
from plastic bottles used in our daily lives to car doors are manufactured through
injection molding. The importance of injection molding lies in its provision of efficient
and cost-effective manufacturing methods, making it an indispensable tool for Taiwan's

manufacturing industry.

Within injection molding machines, the clamping unit assumes a vital role. The
operation of this mechanism directly impacts the quality and productivity of products.
Therefore, this project aims to research and design a clamping unit for a 285-ton all-
electric horizontal injection molding machine, specifically focusing on reducing the
adjusting time of the tail plate or rear platen. Fundamental knowledge in mechanical
design is required, particularly focusing on the design of spur gears, including tooth
count calculations, selection of pitch circle diameter, and gear mesh interference analysis.
Through this project, our goal is to achieve an efficient and cost-effective clamping unit
to address the demand challenges in environmental sustainability faced by the
manufacturing industry. Specific tasks include precise design of spur gears, ensuring
smooth meshing between spur gears and the thread on tie bar, and selecting suitable
speed reduction gear (mold adjustment) motors to enable timely adjustment of the
clamping unit within 3.5 minutes. This project aims to provide practical and feasible
solutions for the design and performance of clamping unit in horizontal injection

molding machines.

Keywords: Horizontal injection molding machine, clamping unit, tail plate, spur

gears design, gear mesh interference analysis, speed reducer gear motor selection, tie bar
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34 h#E
3401 oKt B

LB EE S LSRR At S CHEH D R A
BR B E (TS E) 77 T 25 L & 65 B(65rpm) o 11T E 3B aE L iEAR

i v Gear Ratio 3+ 8 25V @

L _ i 1.2.7
T e

A/B = 40/186 = 0.215
B/D = 186/28 = 6.643
C/E =54/18 =3
(A/B) x (B/D) x (C/E) = 4.286
FEAMAE L EPF F W 334 B A 47 £ 23 T AUk A
Tr110x6 > — it 7 % 7 § U3 R 42 o g pr > 32+ AL # % o BR P 7
oo FIRA ] B LRR T w191 9 0 0k Tr110x6 7 fEE_6mm >
Foor F SRR (2 S A) e | BIpF > (S #H omm -
400/6 = 67 ®
67 X 4.286 = 287.43 &

287.43/65 = 4.422 » &8 = 265 F)

B2k 15402 7 8 6 ok X FERE A 400 mm » PRA A 1A B 67 B4 T BB
400 mm > 5 (& % % B)3f T4 5.5 A 44 65 E(65pm) - ¥ 1443+ & £ 400

mm FF &R & i 67 Blm (SRR 1 BIpF 0 5 iR i 4.286 B 17 Bl {8 U 45 #5400
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A testbook

Compound

Driver gears

A N8 I
+ [ llllmmﬂnz |
I TN «

Z = Number of teeth on the respective gear & N = Speed of rotation of the respective gear.

Step 4: The final gear ratio is calculated by multiplying all the individual gear ratios. Mathematically,

. “ . . FA TR\ |
ltofulzmxh’.)xisa:v x? XX
L] Ny Ny

The gear ratio in terms of the number of teeth on a gear is given as

; O T 2y
HmaI:‘lslxls‘Z’*ls(!:ZxZ 7

pe:/itestbook .com/mechanical-engineering/compound -gear -train -definition-diagram-and -applicati

B 3.10 # $hip# vt > AR50
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Gear A 40
Gear B 186
Gear C 54
Gear D 36
Gear E 18
0.21505376

5.16666667

3

B 311 & & #5 A 3 E chedh B g b

Revolutions of compound gear train  3.3333333 334

IrlI0x P6 400/6 67

\ Gear E RPM 65
m - ]rl
) Revolution of Motor 223.78

3 400 Time required for Motor  3.44277 min
) ) 206.566 sec

B 3.12 Excel -5 & 5 5 @ »r g chpd
WEAF DX EE R Y Excel fpt o BB N T R3S AN P
FFaReod ¥ BDRE !PT RS > FIPAHISHBDEFTIL B4 H&
Boo 28 AT 36 & o H AR e Wi vl o R £ 04286 % T 3340 @

BEPWRATEBEPREE Y 84422 2487 1 344 ~ 45 -
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2. & B&EE B3 Ui 20mm M (S A & E)
3. AR Y SR (P81 RBR)

4. BRG] A H A& C D (5 XEF T4k ik 120AE §5 6))
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3.5 SolidWorks # # % %

# 3.6 i 2HcR 2 2 4 [4]

*m, module 5 & # 5 i 20° > ¥ F
&4 & (Pressure Angle ) 20°

# % ( Addendum ) m

# 12 (Dedendum ) 1.25m

# M (Clearance) 0.25m

1 IERE 2m
>R 2.25m

# E ( Tooth Thickness ) 1.5708 m

FPprL bR B R A o T E
#13 = 1.25 X 4.5 = 5.625mm
>#F =225 x45=10.125mm

# & = 1.5708 X 4.5 = 7.0686 mm
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0068l QD

Bl 3.17 #-3k 3+ 438 » SolidWorks & )

*SolidWorks #73k e b2 3 2 £ o 2P| 47 HE B T2 2% -
B 3.16 &g+ 7 7 SolidWorks ¥ % # ¢ A it o e 7 & i & L2800
T L 189 mm s & FE S5 180mm -~ # & 5 7.07mm (12 &R L A ) 12
2 % g% 13.35mm e
s S8R s & 4D & e 27 3l -8 FE /S 180 mm
4 &3 Bk E o Fpt s B A R 95 168 mm o
180 mm — (5.625 mm X 2) ~ 168 mm

AU REHBBC-DfcEpr» A ips 1%1}?,‘"1 Al L B 2 o

41 #9 < B H44p2 ePaper(2020 #)



2T H 5 285AE T3S TR A 4

3.6 HEEE Sk
AP E AFEU T IR AN E MR SR e R oo
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Type |Kg*m | Kg'm| Kgf
1.9 | 23 | 130 o (780 (780
39 | 46 | 180 125 | 144 | 120
49 | 5.7 | 190 5 1120 | 100
58 | 6.9 | 220 o0 | 90 | 75

25 | 72 | 60
96 | 11.6 | 250 30 | 60 | 50

5 |360 | 300
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4oB 3.24 91or o ip kY BB A E BUEpE o TR Y chE T A4 - B
FEAF s R AT BERE s B¢ RATH e 2o Y > EET o

AR E R R R TR R ke R AT

b TN
\

1
. th/2
—Il L L
* =
1
L
4% b‘.:
B 3.25 T (74 ~ 4 B4 v X
HY b=4rF R L=t E B h= 4753 7
60 x 10° x H
Torque, T = ———
2Tn (5.4.1)

H = 4 £+ 3 = 0.75kW
n = &4 Z#gi# = 65RPM

o 60 x 10° x 0.75
fe g M T= = 110184.19 N - mm
2 X T X 65
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B Bl = £ 7 &4 (H# 1 545C) -

kgf
Sye = Sye = 35— = 343 MPa
S
% ridc=40 0, =2
Nys
343 MPa
0c = —,—— =87.75 MPa

ik 5 96 T o [7]

% B+ & 4 ALK I2 3, Maximum Stress Failure Theory :

Sey = 0.55,;

Ssy = (0.5)(343) = 171.5 MPa

171.5 MPa
T= — - 42.875 MPa

A 811 7

2T 2T
=0, =—
dbL dbt

L 2%x110184.19 N - mm
"~ 28mm x 8mm x 85.75 MPa

T

=2295mm

(5.4.2)

(5.4.3)

(5.4.4)

(5.4.5)
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A 812 7

AT AT
=—>5 =
dhl dho,

L 4% 110184.19 N - mm
"~ 28mm X 7mm X 85.75 MPa

Oc (5.4.6)

= 26.22 mm

BERFF R AL SHE Y T 4R R 5 L=2Tmm s F A 5 h=Tmm > &

B % b=8mm -
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3.9 SolidWorks & & W

1 3.26 3 #-is H2 SolidWorks ‘e & (3 42 1))

R 3.27 3 #icts 2 SolidWorks ‘e & Rl(+ 4% R])
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1 3.28 3 #-is H2 SolidWorks e & Bl(+ 4. 1))

B 3.29 A fi-#¥ 2 SolidWorks ‘e & Bl(3 & 4R [F])
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ESES IR A
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B 412 (A 4 = i 2 (S4R & W)

B4 &) 4 285ton x 1000 kg/ton x 9.81 N/kg = 2,795,850 N
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