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The Application of Ultrasonic Transducer on
the Process Diagnosis of Injection Molding
at High Temperature and Freezing at Low
Temperature
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Smart sensors are the basis of smart city, factory, manufacture, transportation, agriculture
and life. The sensor is able to detect the information of environment, and transmits to the cloud
through internet for smart control. The traditional sensors are limited by their sizes and single-phase
detection. However, through the development of semiconductor and electrical circuit technologies,
the capacity of sensor is significantly uplifted. In this paper, the general utilized sensors and their
properties are introduced. The applications on the process diagnosis of high-temperature injection
molding and low-temperature freezing processes by ultrasonic technology for improvement of
process operation and guarantee of products are also presented.
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A1 BB PP AR RS AT - RS A AR e R Rt B0

e ATLHIES (N)

#1 971.0 964.7

#2 987.9 968.8

#3 976.4 969.6

#4 972.5 970.2
SEEIRIARIETT (N) 976.93 968.33
TEHEZE (N) 7.64 2.48

H» /?/ fﬂ*i /EUEH%

FE R FEHE (food shortages) BN R A (disease threats) & AFEFAA T C B % H B )52
BETOAREIRI A PRER © A4 B BT EVEREEE T E - BN S RIEEREH - Hix
A E R A —(E RS © BT (storage) ° F8FHZZR1F (preservation) | 2RHVE F/EE T, » 1R
HEFFRES RN L ETE K « AL - SIS I DR ez iR Ay e - B2 BIBER R 16
TRARE S - BB E MmN EEE SR BE A R R IR FRIE A1 - R0 H S
Lotz T A G SRR R R R R RVPR ] - BRI R e g AP % -« U - BRI
fE o R RIS BB KL (rehydrated) 5 B4 » HEEEBEEERIYIE (temperature
sensitive products) * AIEHE  HEERE - SFAEM - (HEMEYEEIENE (active) » EE
AL & SR (volatility) FURLSY » BIZA SR RS RIEHRY -
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Mz R » HESE HEEEE - AIRERIRTE - N5%E - AL - WA ERED
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W ES3 M (thermomechanical analysis, TMA)  BFE JJE53#T (dynamic mechanical analysis,
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DTA) » B3 HE (nuclear magnetic resonance, NMR) 25t [E] 5% 53 #7# (relaxation map
analysis spectroscopy, RMA) ZafEfRim I - BEINE Lof@gas A PG EREE - (B Ll /7 =0AlE
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@2 g o (AL - FEE SRR o ATAIES TR E SRR AEAR T o SRS IR AR R
{12 PR E 22 R BRI EI R~ VEFERE TR BLAR o8 BA E SR 20 - R - 20 fI Y
AL P B SO0 B e L 5 2 R B R R R B (R R (2 B 22 R AE 2 — (IR &
2L H BABERURNT - SRR JE AR R AR e - IR H—EE S AR B - B
Tl AR 22 Rz AR I RO SR B Bl » #e R B R e S B IF R B - thpE{eiE il
BRI Lod e A -

ARSCFA T RER)REZ M - AE 6(a) AR » HUKEDH S —#ERP - MER SUS 304 1Nl
> BHEZEAIA R 16 mm 0 EER 30 mm o (i EEZENELEE S EE R 3 mm > #
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BV LI B B IR - SR R B R I S P B AR S Y o A o Ry T R
HAE SRR EIRE AL - B E BRI A BREZE T - BN BREZ R AR T TR
B o TIE 7 R THEGEAR R B AR (L R REF A (min) - #EEIFRTIRE (°C)
£ 3.2 min [ (A B) - BEZECERMR - SEREKAEERA TR - 7€ ABEZE 6.9 min B B
BE > IKHTRETRE 24.1 °C B4R 1.4 °C » B AEEAT R 6.14 °C/min » i F2 FHAIRGE i EL Rz
M2 i T N B R K R BREAT & - 08 BRI IR By 12 Al (cooling period) » KFRZEIEALL AP
R o M B B52E 152 min 7Y C B - /KEVIREHERAAE 0.7 °C—2.9 °C [ » 5 ERBF MR A
BT R K VB EL » B /K I T BE AR B Bl s [ BE vk - TS FE 2 3 AR S (P B - 1 B B4
£ C Bh:E BB HARE B BE A (frozen period) * DA AP /7R &¢f% 0 ¢ C BEZE 40 min £5
FELETEAGETE - AKHPRERE 1.2 °C BifE R -27.6 °C HYUK »

40
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= ,(....).{................)
por = e e et s

Temperature (°C)

_40 L 1 1 1 |
0

Time (min)

B 7. RaEdBAz T o R 6% F gL .

e B R B EAZ HFK B B B - 1T SRR EAE O A 7K R B LA - RS SRR
8(a)—(c) Firs [ 8(a) F/kiF ABEZ % (8 min) - ZKAYIEE R 0 °C BEAIIEF - LB Fm] LA
TERBER KT - B 8(b) B 16 min B KAVIEEE R -1 °C - IR FHha] DL A
STHPKERSAE Rk - BHEREEEEEAAARD - TSI BEREA T2/ N - (RS
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Rt IEREUKAEH O 2B EOR H (B FEREAIRRE -
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REEHSL(EELL ST - 5 DRSS i R B /K AR B AR AR R T - B 9 R B R e itz
rREE SR LY i L, B3REIEEL - £F 2.75 min B K ARG - TZETRE R —30 °C
IR | ERERTDAZEER L AOHRIE T - i L, AOIEIE _EFF 5 FERERS 7.51 min BE - ZKASTR
FEks 1.7 °C » BIELHAE 8(b) BLREUkELBEIAA R » L B L, AUHRIEFIRE T 0% - BLE AT R 7k iy
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~ Thermocouple

(a) 0°C (b) -1°C (c) -10°C
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3 T II T T T T T T T T T T LR i (| TS B T
I l Phase change end ]
M Freezing point .
(Ice crystal) 1
o _
2 -
< i Cooling ]
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S e 3 2 ;
< :
1+ -
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APgyT
* ....................... F.
: Lw 1
0 P 1 1 1 . 1 N ikl | 1 1 1 1 1 L 1 L 1
0 10 20 30 40

Time (min)
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ERLK ST T A OB B S

EEGER - TUERBILEAMYE oK) RS EEfE R ruiR eS8 L - I #E il & RIS
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A IRk i BRL R 1l 2 1 e R A B v O A A M M L A S B R — -
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