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Design and Test of Far-infrared Tea Aroma Enhancement Machine
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Abstract: Focusing on addressing the problems of low temperature control accuracy, uneven heating,
high moisture content and unstable aroma quality commonly found in traditional hot-air tea aroma-
enhancing equipment, a far-infrared tea aroma-enhancing machine was designed. The overall structure
and working principle of the machine were elaborated, and its key components were designed and tested.
A PID closed-loop control system was constructed based on a Siemens S7 — 200 SMART PLC and a
Kunlun Tongtai touch screen, through which precise temperature regulation and programmed operation of
a multi-stage aroma-enhancing process were achieved. With Huangshan Maofeng tea as the raw material ,
a three-factor and three-level orthogonal experiment was conducted to optimize the process parameters of
the aroma-enhancing stage, and regression models for moisture content and broken tea rate were
established. The results showed that the optimal parameter combination for the aroma-enhancing stage was
a temperature of 110°C |, a duration of 20 min and a drum rotation speed of 18 r/min. Under these
optimized conditions, a three-stage process verification test combining the preheating and aroma-
stabilizing stages was carried out. The experimental results indicated that the moisture content of the
finished tea was 5. 48% , the broken tea rate was 1. 81% , and the average sensory evaluation score was
95.12. The machine productivity was 50 kg/h and the specific power consumption was 0. 68 kW -h/kg,
representing an energy saving of 24.49% compared with conventional hot-air drum aroma-enhancing
machines. The equipment was proved to be stable and reliable in operation, with uniform aroma quality.
The findings can provide a reference for the technological upgrading of tea aroma-enhancing equipment.
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Fig. 1 Overall structure of far-infrared tea aroma enhancer
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Tab.1 Main technical specifications of far-infrared
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Fig.2  Structural schematic of aroma-enhancing drum
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Tab.4 Orthogonal test results
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A/C B/min (r-min’l)

1 100 15 18 5.18 2.84
2 110 15 21 5.14 2.25
3 110 20 18 4.87 2.5
4 100 20 21 5.24 2.08
5 100 25 18 5.69 2.03
6 110 20 18 4. 84 2.6
7 110 20 18 4. 88 2.45
8 110 25 21 5.17 1.88
9 120 15 18 3.96 3. 14
10 110 20 18 4. 86 2.58
11 120 25 18 4.55 2.72
12 120 20 15 4.01 2.98
13 120 20 21 4.09 2.47
14 100 20 15 5.16 2.68
15 110 20 18 4. 85 2.55
16 110 25 15 5.59 2.22
17 110 15 15 4.59 2.78
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Tab.5 ANOVA results
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AC 0.00001 1 0.000010.00001 1.0000
ok y, BC 0.2352 1 0.2704 757.05 <0.0001*
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B2 0.2451 1 0.2301 788.70 <0.0001**
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B 4.03 16
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A 0.2628 1 0.2628 76.19 <0.0001*
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C 0.4851 1 0.4851 140.64 <0.0001*
AB  0.1156 1 0.1156 33.51 0.0007*
AC  0.0020 1 0.0020 0.5871 0.4686
— BC 0.0100 1 0.0100 2.90 0.1324
A2 0.1228 1 0.1228 35.59 0.0006*
B> 0.0394 1 0.0394 11.43 0.0118"*
¢* 0.1002 1 0.1002 29.04 0.0010*

¥ 0.0241 7  0.0034
AW 0.0092 3 0.0031 0.8244  0.5449

w2 0.0149 4 0.0037

B 16l 16

ok TR B3 (P <0.01), * FREN T2 (0.01 <
P<0.05),



270 P A1 R = 4 2026 4F

M6 s T, 28 Sk Ry, AR B2 (P < BTSRRI T V28, R Y4 m it
0.000 1) , W FTEE R X &K RAG BEFm, [WH ] e G A ) P9 2k ST A9 TR, 8 1A
BRI P =0.329 1 >0.05, 2R EEAR  DR[RISE RN . P27 iR B2 RN H A i ] 52 B AR IR 2%
WG 30 PR 26 KR s i AR BRI . S KSR sZ e e 1y T 16D 4 &1 12b B, 1A 12b
ABA* B* BC.C.C* AB AC, RIS EIERJeE 0, BEE I 100°C FHi 2 120°C, K R FF
FECR =0.999 5, FHZBRFME S LR EA R 20 TR, il me st X ] T R0 BE RO, st ]
1R AR S i 15 min ZEK F 25 min B}, & KR BAH T FREALL

B AT A5, 7E 25 M PR FE PR R 2R A T 224 MARERSR, il A R A, AN 12¢ s, 2442
Breb, v, A BRI 235 (P <0.000 1) ,SEMaAch W] B (a] [ 2 2 20 min B, 35 7K 5 Bl A 1 R 0 7
B IR R R XA RN R EMRIR €. T2 AR, BVR 7 57 3 i 3 R 52 8 et 35 (HR
B A A AB.C* B* BC AC, KR P =0.544 9 > XTI A 105 B2 50 Ry BE RS | 2 B3R B X 5 7R A
0.05, HAH P 240 R® =0. 985, F/n BRI AL SR K T, A I DRz DR Sy R 7 e B o
AR R, AT R RN RO FHESRILLT ANE SR I K SR K Wi

VR TAT I A N BE A i TR S LA I A KR A S I SO 4 I JBA 4R 000 23R 52 i 2 B 5 e | oA it
SR N T W 128 BRI 122 AT, UK RRDTERABR . AEARFLEAIE N b Y AE R B ] R A ik
R i P A I [ 0B A S AT R B A, AR B TR s (Rl A i ) A5 /K A3 1) S
T DX 7K B e (1) T s R, IR S R X REHURAZ PR ARER A I R e A B K SR VR PR

IS s
250 %50
pr 4.5
| &0

i
(a) A=110 C (b) C=18 r/min (¢) B=20 min
P12 5 K A N T
Fig. 12 Response surfaces for moisture content
PEA IR BE LA I B S EAE IR A5 BEIRE R TS AR R AL g 4 &2 EoHEa# B
e w7 T AN P 13 7 o H I 13a A0 R0, ZEARIE WBEAh D 1e] A o T SR B I KT AR T, SR T
X, AR BHE A B (AR ETHAARP S B XA sEma s o 28, BRI E] 5 VR e i)
T e it DX 2R R I [E) O S R R T, HURURTE S EAR IR R A R AN 13¢ B, i 13c¢
T o R AR S i RN O S MEE R AR AT L AR Al e £ ot 3 R T i A, R
R TR Ul a SO (T 27 - A I DL S A £ XSS AR s R o T, MR
P 13b T, 4245 I 6] [ 7E 2 20 min I, R %8 NI 5 (AT RE S R i [) kA R R4 AT T, BT

5

T, 17 A
J\/(r.,m."\;6 15100

b
o

A%
—_ 0
=T S - ]

5
21 & -
20 <
19 R 19
Bt 17 16 & Etige 17 16
m%@%ﬂ1ﬂ%% Wﬁ%mm
(2) C=18 t/min (b) B=20 min (¢) A=110C

B 13 kR iy

Fig. 13 Response surfaces for broken tea rate



220 11

PN 45 mLLAP AR MR E LB 1A 271

11| I G 1 SO VI G U a8 iy NP = B B ved I
RGO I DR G K P T, I Bt v s R Y
BRI AR S B TR T, e AR AER AT
A ARZ MU BRACR 2R BT
BEXT 2R 5 KR 5 R R Il AR SRy oK 4%
NTAES BN A, WIS & KR Y, AT
R Y, AT R EE BRI TR SR A, 5 200K
TR
4% <Y, <6%
1% <Y,<3%
100°C <A<120%C (14)
15 min<<B <25 min
15 v/min<C<21 r/min
iz FH Design-Expert 13 X} H A5 2 50 B 27 B 8
PEA TR A, [P 34 A5 2045 TAES B S EOR
PR A 110°C TR A3 M 18 +/min H& 7 I [H]
4920 min , PEAF 3 7KK 4. 86% , WEZR KK 1.99% |,
FE) A0 0 7 3G B B A T8 S0 [l L i
e TR IR B RS A A B T U T S A
FUUE S0 , B RN Z B T T A a5
Fase v, @& B S B RE 110°C | B [E]
20 min F%£ 4 18 v/min, AR B B ZEHL 80°C 1E R
FEVEAE, a5 M 5 min, 6 5 8 7 B B AR —
e, Fa 7 B B BE PEER 100°C , B 6] 3% %€ 9 10 min,
HAOAEAE  TESEU A T T 3 ik R IR
5, LIS 2R B KR AR AR P P45 , S0 iF L Bt
TZn et e s SR R, 3 R 2 & K R
BIEN 5. 42% ,WEAFT- YA R 1. 85% , & P T4
Wy BERRR T B Be S 5% B A L, 51 B BE S BT
B R 4F
4.4 EHNRFIZWIERAEK
HRAERAR G =B R TS EbR b AL
B TE LRGSR AT 3 REE ML SRR 4R
RIGLE RN 6 Fin , AL G S A G %M
EEVEH BN 95. 12, 28 &K /N T 6% , BEAS
FINF 3% , 5 TR AR £ GB/T 19460—2008
CCHbFRBR A i B LB IR ) R, AR BIZE AT
WEIIE 2T A A5 B A LA A o 6 2 i T 285K
F6 EANNEMHEBTIRERBER

Tab.6 Aroma-enhancing test results of far-infrared

tea aroma enhancer
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