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Design of Electric Mica Heater Based on Scientific Experiment and User Experience

LI Tian-zeng, XIE Jing-yin, LI Cheng-ke, LAl Chun-min
(Foshan University, Foshan 528000, China)

ABSTRACT: The work aims to propose a design solution of electric heater based on the combination of scientific ex-
periment and user experience to solve the problems in the rapid heating and the long-term heating of the electric heater.
Firstly, the user experience was used to evaluate the performance of existing products, and the problems required to be
solved were initially proposed. Secondly, based on the preset problems, a scientific test platform was built to conduct ex-
ploratory scenario testing to study the working mechanism the electric heater and find a breakthrough to solve the prob-
lems. Then, based on the working characteristics of the product, the design ideas were proposed, and the optimal solution
was determined through the combination of scientific experiment and user experience. Finally, the relationship between
functional structure and product appearance was discussed, and the complete design solution was output. The prototyping
testing was carried out to determine the final feasibility of the solution. A solution of electric heating plate with the func-
tion of double blocks and adjustable angle could effectively solve the compatibility problem of rapid heating (the upper
electric heating film plate was inclined backward by 5°, the lower electric heating film plate was inclined forward by 10°)
and the long-term heating (the upper and lower electric heating film plates were restored to the vertical alignment) of the
electric heating film heater and. In this design process, the mode of combining scientific experiment with user experience
can ensure the scientific reliability of the design solution through scientific testing means. Meanwhile, the subjective

feelings of users can be quickly understood through the intervention of user experience, which makes the design solution
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more humane and rational. This design mode can provide reference for the improved design of related home appliances.

KEY WORDS: industrial design; scientific experiment; user experience; electric mica heater
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Fig.1 Product design process based on scientific
experiment and user experience



102 1% TR 2020 4 11 H
x1 BEEEFEHEFS
Tab.1 Performance characteristics of various types of electric heaters
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Fig.4 Influence of the position of the electric heater
on the wall temperature distribution
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Fig.5 Space heating performance of electric heater
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Fig.6 Schematic diagram of testing status of electric heater
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Fig.7 Comparison of radiant heating performance of
single and double-sided mode of electric heater

3.3 fEREMm

it ke FEL %
FR A b o B F) e 1 2 T AEARAE 40, mT B ot B il
TR L R SR AEAE A B Ry . (1) 4],
JT I 38 2 2 A RO T 58 B & R T AR AR, (HFE R 5
HBE AR /N T 0.2 m I, TR R, S AE/ NS ]
WARRA Y AT RS T R rEm 8, (2) g tEN
R, PN EE R 7 1) 6 i R e A R Y Ve L T 4R
i, BHIAESERN 02 mZE 0.4 m B XKEEERS,

3.3.1

ET XTI BB AR R A, 255 H T AERRE,
AT DL R o B . (1) R 30A H R 2 A0 LT
SR IS S Sy B T AR S A, sk e bERE
(2) VA IHA B AR G 5 R A R B, el i
A A, SRTHEFIE T . WAL G Y b e P
i Ak b PR R B2 B, T PR o L A
3 ) JE AR 00 LA el 3 AR b 2 B ) 52 B L
3.3.2  HERSLEISIE

AR R R LI T it L — it
i e JEL S 1 B

ot P R 8 4 4 ) R e SR, S R
25 P AR N P IO 24 110 7 TR 5, R P O T e R AR
RS HE T, WU 6, HH I i B0 AR X A
JnAAEREXT e IE AL ULIE 7, ARBEXT e O R, TR
HE B HUBZ X ] 0.2 m~0.4 m Ab iy B TS = i b RE
X b, Y5 R AR IR 0 0.6 m B, PR
ISR FEAAH R] , B n #AsE =0 B R 5 Bty
AR SR N AAPE B o A 50T HEL R 2 P T I B Ak
S BE AR, ZAS B B AR o B i A R A X T A e T
FHEA T AR B AT T IR s, 2
SR FH BT 0 AR S, R R e TS A T
0.25 m/s, FEXUH A TAERTY 0.184 m/s & i 3T
35%, AFTIRE S5 A0, Rt s ik
TAERE A B 8] TAE 5 28 4, ARG X6 B0 8 5
P BERIEIT T 1 h WA (T3 2000 W) F54E
BN, G550 BN, HUARK B B o i 45 7= A
RGBS, TRV HERO , PLRE TR

ot P I 48 0 2 [ g e S, S v D P
I JERIHL, AR 5 A Ak RE I
I FH 23 TR AR T 400 L ARRSER o i 5 03X 0 e A
BEASO M APEBERT , R ISR EE T ik, WL 6.
T H A 7 8 U R A R W R BR AARRUR /N,
G XL SRR ) 2 22 AR | AHIF ST 25 1 H
PRI A B SRRl 0°~100 , AR AR AR i TF
HAR R, IAREE B HR AR LY 0.3 m, FEE L H
K2y 0.6 m, Kl T 8 H BT T 2 B AR SR
VEEIE B b T O m % 0.2 m ABE M WA A, A
R AR o B BRI T, 35 S b T v
0.4 m~1.2 m AbAE R W o5

R Yl T X T 0 F AR A S S A i
Mgt (UL 8) Wow, FERTJETT M BETEE N, Mo
K 0.2 m Kb IR R PR Bt P BB R R 1) 2 o
W, YA EE R 10°/), M & 0.2 m bR E
ELH R Y A o MR A A A B Xt 3 e AR B S
PERER S R, 7F 0.6 m~1.2 m &5 BE IR, &



a1 E 224 R FET R 5 P AR5 i) i B e e it 105
| —— 3, A b A BB AR D, T B
sl I 2. 5° i, o R A O 1 L85 # L 3fh BABEAR S
48| — iy 5o, T RBHLA BRI 10°,

461 C I Aifgi10.0° 22 [ A 2=

o 44| - | 333 Jr ZEREI L

2l 9 T e UERR Y 7 I SRR AW B

3] 3o P P AR 1 2 B LU 9 L W A R Tt

6 T T R R B (P 5 ), bR B 2 i P

) ORI A BE PRI 3K , e Se bt 1R

30 - — B, A B VA B 3 B A B B AR R I
ST M 5 PO T B 1B SERR AR BT, S

P8 WA JEE S T IS L AR AR R S Ak BE S M e T
Fig.8 Influence of inclinations on radiant heating
performance of lower electric heating film

40
3 W 5 10°
37 B 5 102.5

O 36 [ /5 1ms.0°

35 5750

m 34 [ 1Jsf10.0°
33 M
32
31
30

0.4 0.6 0.8 1.0 1.2
S T A BE /m

B9 JE A A BE X b 78 e BASEAR S B RS2 e 1
Fig.9 Influence of elevations on radiant heating
performance of upper electric heating film

(D) (D)
R AR
BN
RET#e
=4
/
TR AR
IERRESEBUBRR S K BUBR A

K10 A EBEBCIR S IR

Fig.10 Schematic diagram of mode switching
of the electric heating film

M 0 T R AR B TE A A AL, Y S A A
o 5o, R

L5 oy A, ARWETERR A SR T R I 2 4 A S
TP it R SEL B AR T A o L R4 R D B TR S A
B, Alfigpe A R AR i 2 e PRI, HOA B TR T4
SR RO AR RE 5 SR R BEAR b T 23 B

B Z BUCEE AR, 054 TOUIE P IR B Az, 42
RIS, AR .

1) FPEE AL 0°0~10°mF, P R B
TR, B R RE RGO, AV T R A A T s B

2) MR 00~5°J5 PR, MR EE RN L B X
S AT F 3 RIAERZ HTsm B s AN AR 505 TR N
AR

3) FUpICKE B E IS AR E R 50, Rk
PSR A BEE A 100, KRR, A7 H B0
PRI, BT B2 ), BRESZET

25 b b, IR S5 R L R AR A
334 BRI E

WL b A E T RHEA —ERMmS
HUA B R B A B I AR R T 5, AR T
fifE R HL 10 28 0T P 2 D A P 22 A B A P ) R
R 5 28 T il e FL I 0 ) A 380 R A IR O —
Gl HATHIE -, AEEE— 3 SRR g 2514 /2
XU 5 PR S A2 B R I 2 v A R A A 34 R HH e
ELHES AR B, e EHES A B PR AR AT AL 2 ISR
g M FRL B g HE S, AR XA, R, RO
RO Ry 8y, T BT ok i A A T
PRAE A 50 R R R RS 10° AERA s FHEK
s T 25 B RS, o B AR SR A7 Sl i L HES RS
FE BRI PR A DT 7R B LI 10,
3.4 WHFR
3.4.1 DiRg SR

Ay i R 5% FH FEL I A DRI A 5 KRR I e s
PRI, ASHIFZE 3 T 43 25 X E BB A AT T 1k
TR 58 o FHILAT UL, HL BRI 19 T A8 ] 45 #a) R
R HE R A TR T RO IR R . FZE I ER, X
Uit 5 R ) 52 G R EE I A 1 3 R A R D DL )
A (1) 435 3K F PRI 1) # B AT O S A R AIE S H
M i R AR 3o R 1) S IR M IR T 5 (1 2) S0 P P B 2 Pl A
M V)48 A8 T 118 42 1l $e 5 () WL AC B AR T[]
3.42 ERIAHGE

o R B i A A v AL SE T, AT T A 4 R
STHBRARINERBILL IR £, J5 T8 P I AT S A Sy R



106 1 %

T

2020 4F 11 A

I A TR S R A B, REAE N K r AR IR /)N R £ T
WIESR, HAMT R RREHE T 5551,
T FARIE 5 $B 3 — R R 2O BT XS, A2 B ]
AT B UL, ARBFFE R R IAT R e Y
VIDUNIZ
x4 il o s AR LT, PR AR A A TR Y 4

PSR i O E BRI, DRI vl 2 i 4 B 5
PB4 S B AR PR HEA T — AL, 45 i 4 B R
BT EL AR A T 7 P AR A ol ) 82, FEEIRR
MBI BT A58 5707, SRR RN, %
SESNE Wy BREAH , T U R e B B | i R
R B R Ml Br 5], TR mE . TR
TR, AR E I LA 11, 7EA )

@w/

BT, H R A Tl 2 R BRI N R 48 Bl D)4 T AR
ﬁ.é%?%ﬁ%%%fﬁ@ﬂﬁﬁmﬁmﬁﬁﬁ
(X R ASTEARL S ), T B i 52 o7 A B OB S X ( %)
Jof 5 3 A )

R LSREN A R E PN R R RN QS
PR, ARV LA S 2 AR, ShseE @ LIRS
RRFE VIR ETE ] T, MRS A E ABS B, 4L
RIS TRERPH , DARBURE | B AT XU .
3.43 SERBOTTHE

X L BE 2R U T SR AT HEAT 58, i e
VOt g, FPERmaiILE 12, EEASELE 13,
7 Al w5 WA 14,

e

SMNETEHLIT Tl A sh &2 LA YIRS e |
( B3R E AR ﬂ%ﬁ%ﬂ% FE I D REFIAE
/Vj» i -
Sa—— SERPBISY R
ES IR A S SR
Fig.11 Interactive mode of control buttons
B RiEg e MR TRASBS S0
B LR B8RS S\
\.
BaeRimR
Tk A L PR BEEES

PN E Y

HRBHEEME

B[R
FEF i klabs

~
A3 RE

BRI A
AR

K12 et st

Fig.12  Structure of electric heater



8415 5221

FERWGAF . JETRE2 9050 55 P A 1oy riL BA IR P I 3 107

=

{1010 L4 1000 14 (PURTN 10 8 0 Al B M1

L LU L1 90 1 R0 111 Al B R

K13 AR S LA

Fig.13 Six views of electric heater

A\
. \A.A’,-‘/ ' L

S N
Bl 14 HBE I YR

Fig.14 Usage scenario of electric heater

” v

J R e /7 ;

K15 sz s FEAL A I

Fig.15 Test scenario of the electric heater prototype

®3 BEFENNKER
Tab.3 Test results of the electric heater prototype

MFRFRI IR MR

MEE/IC HEE/C MREE/C

o — YR 34.1 31.9 32.8
B U 34.0 34.3 32.9
B =R 35.7 33.7 35.1
YR 34.6 33.3 33.6

Xof j 46 28 R B g Hgn g

344 FERLIUR
TR A 2 BRI 28 T AR T — 3K 5 5

>3

BEHL. i TR 5 AR R AR T AR B S
TRGE i 4% — 20, BEA AR, A 3 AT 36 Uk
B BT J7 58 P R IR 45 R T S A S A 52 B o 4
PERE, MHAREDL S A5 ILIE 15, B GRAEDLIIASS
RO 3) o, FEPLLGTEE g i TARm,
S R e ) A 2 - R B S O R, R
S AEE), RAER () ASER 2 XRLR, AIRHA
NS I A R BRI 2R LTI, ASHTSE 4R
H B8 Fe 28 LT 7 5 AT S B TR WA BT T Y K
A, ITREIBRAAT

4 L5iE

ABIFTE LA F S5 R 2 8 BT IT R S B, K P A
B SRR A T B S T RO RS, i 7
2 e BT K BRIRDRE | 3 A IR0 | it ok [ A5 77 5 A
B, St AT PRI A, AR 22 523
X, P TP AR K e 2 07 SEAE LI AT B IR
it o AWFFEHAE T Rb27 508 5 M P RIS & it
A T M D™ i BB BT D ) A Bk A, m] 26 4B
M A AT B HE S %

SE k-

(1] ZFs, AL JE T 55 RO B2 i TP i ok
S3[0]. AL TRE, 2009, 30(4): 103-104.

LI Zhuo, YANG Jun-shun. Research on Household Pro-
ducts Design Based on Demand Psychology[J]. Packing
Engineering, 2009, 30(4): 103-104.

2] EAHN. SERAA PREARM—7 bS8l KL
Kk ZARBE (1], MR SR, 2013, 32(8): 1-3.
XIA You-wei. Experimental Investigations on Unknown
Frontier: Interview with Academician ZHANG lJie, the
President of SJTU[J]. Research and Exploration in
Laboratory, 2013, 32(8): 1-3.

[3] EwrE, &, R, %5 ETR2ELRM AL

ST BT E 5 —— DA 25 08 O (0], TRt
2019, 40(1): 181-185.
WANG Miao-hui, LI Yan, SONG Wau, et al. Research on
Man-machine Interface Design Based on Scientific Ex-
periment: a Case Study of the Improved Design of Gree
Air Conditioner Interface[J]. Journal of Graphics, 2019,
40(1): 181-185.

[4] ZRWE, BEEOk, #O00sE, % BUEBEORAE Tk
B g PLZ 4 i e it A B[], %€
i, 2018(6): 86-89.

LI Tian-zeng, FAN Min-dan, CAI Wen-hao, et al. Ap-
plication of Numerical Simulation Technology in Indus-

trial Design: as an Example of an Energy-efficient To-
aster Design[J]. Zhuangshi, 2018(6): 86-89.
( FHE5S 120 1)



