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Application research on the KJ/FA/TRIZ integration method in
anterior maxillary traction appliance design
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(School of Art and Design, Yanshan University, Qinhuangdao Hebei 065000, China)

Abstract: Aimed at solving such problems as discomfort and inconvenience of the maxillary anterior

traction appliance, an innovative design method based on FA and TRIZ was proposed. The

relationship and the component interaction matrix between the functions and structures were

established based on the FA. The TRIZ was adopted to analyze the connections between the interacted

components and sub-functions, thus forming the function-field model. Its categories were divided

based on the actual utility. Then 76 standard solutions were employed to address problems, thereby

obtaining an improved design of appliance. Finite element analysis was made to evaluate the redesign

scheme by giving the materials and forces. A comparative experiment was undertaken to evaluate the

redesign scheme. Finally, the feasibility of the FA/TRIZ integration method and evaluation method

was verified through the implementation of the innovative design of the maxillary anterior traction

appliance.
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Fig. 1 Class III malocclusion
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Fig. 3 FA/TRIZ integration model
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Fig. 5 Functional decomposition of maxillary anterior
traction appliance
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Fig. 6 Structural decomposition of maxillary anterior
traction appliance
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Fig. 7 Interaction matrix of maxillary front traction and straightening system
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Table 1 Function field model of maxillary
anterior traction appliance
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Table 2 Standard solution of function field model
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Fig. 9 Product design direction

HEE7N

H Sk el
ST
: AR 52
l S (40
Rt
B 10 _EAHT 7 A5 Hrad i R 75 &
Fig. 10 Improvement plan of maxillary
anterior traction appliance

3 ARIFEMN

BIRT DN
KM Abaqus FERICHTH ML, 75 2O
RUBEATAORLIR E 3L D7 R AT AL L S 5 2% A
MIBE s S IEVEVEI R A

ARAEAT TR G R PRI T R A S A4 5T, A
B R SR EE A, D07 o A AT ST A v
Fro ABWETUREHF ISR R A ELE 3 Fobp LS PRI 6
fF, 238 ABS B S @B BUERFAE, DL
LRI TR, B RLRR S B 3.

N T B AR IE AR 1 32 S5O0, RS
BB REAT I AL B, k2 T ) B0 A 2k 1) 2
B, PREERURS S ROAS B ATRRHE . 9 DR B R A% J) 5
MRS R, SRASBIRL ARSI, AW TR A R4 iE

3.1

(a) HT% s IR RS
(a) Orthosis at night

(b) FIEAS H RIRIBARTS
(b) Orthosis at day
11 B S PRMR RS

Fig. 11 Two wearing states of orthosis

WX AL Tk R, RG2S 2 1B e N XYZ T 1A
ZIR, SkBEIERA R E Z JT 2R, X A 5 i
fn 8 Pa K/ 53

x3 MREMN
Table 3 Material properties

MR MRV EEGNMY) SRR MPa) EAALL

ABS ik 10.5 2200 0.394

&/ bk 78.5 200 000 0.300

W 48.4 10 0.100
3.2 ZERXJEE

RNTAEFEERSNT, RIS SL B R % B
W EE 1R, PAT LB SRR B AN J 2k, &
12 fii7R o



444 Her et 5 ik 2020 4
1.60 0.7
120 | 05 -
S| s |
= 080 =
040 i
- 0.1+
ol ! ! ! ! ! ' I } |
0 1.80 3.60 541 721 8.91 0 7.20 1440 2160 28.80 36.00
TR I E LR B (em) WA I LS 7 (cm)
() RL77h Zxt Lt
(a) Comparison of stress curve
0.020
0.000 44 |-
- 0.016
0.000 42 |-
S I S 0.012
X Y
£ 0.00040 - L%_ 0.008 |-
0.000 38 [ 0.004 -
0.000 36 1 1 1 1 0 L L L 1 1
0 1.80 3.60 5.41 7.21 891 0 7.20 1440 21.60 2880 36.00
W BR A% [ L SEH B8 (cm) TTEE AR B SEHE B (cm)
(b) SR HS Hh 4ox b
(b) Comparison of equivalent displacement curves
B 12 30 RIS RS Zox b ]
Fig. 12 Comparison of stress and equivalent displacement curve
MR K 12(a) P, 2R AT S HrE 4% B 224G 2 £ X M

AR, ARAERT LI KNI I35 1
TR KIEAN 1.48 Pa, MR GHFEEN I AKMEN
0.62 Pa. B X HFIEAR I R, K708k 58.1%.
XS R IE Sk, P IR AT G s JE
GRS IR, RIS R G IR RAE KT B
JEEAiRe, AArrTan: R JEH Ak B B
TFIERFE . Bk, o= EH Ak B ) 25 %
R ARELK

4 %5 R 1B

(1) AWM T HT FA/TRIZ HE AT 72
BERY, AR T BAIHG 77 A 5 A A8 o R T
o BRI, SR T RO VE R AT
Ttk

() BT A ER A B RER A, TR T P
Dhee-Patiny, =i 7 Z 8T E 71l

(3) LABFE Ly, X AR T A 7 5|
AT R W, &P E T MG R AR
WATIEE

(3]

HERE. NEERTREREM]. by NRIEAL
AL, 2007: 51-57.

FU M K. Course of orthodontics[M]. Beijing: People’s
Health, 2007: 51-57 (in Chinese).

MANDALL N, COUSLEY R, DIBIASE A, et al. Early
class III protraction facemask treatment reduces the
need for orthognathic surgery: a multi-centre, two-arm
parallel randomized, controlled trial[J]. Journal of
Orthodontics, 2016, 43(3): 164-175.

NGAN P, YIU C. Evaluation of treatment and
posttreatment changes of protraction facemask
treatment using the PAR index[J]. American Journal of
Orthodontics and Dentofacial Orthopedics, 2000, 118(4):
414-420.

o Fe JLEET G WY R IFHG K0 ZEA T
rRE Sz DR 4R &, 2013, 6(12): 709-717.

LI X B. The necessity and methods of early correction
of malocclusion in children[J]. Chinese Journal of
Practical Dentistry, 2013, 6(12): 709-717 (in Chinese).
HOCH, £H, FE, % T TRIZ WEENSAE
I NG U BRI H BT [J]. HLAR TR SE R, 2016,
52(5): 58-67.

XIA W H, WANG K, LI1Y, et al. Innovative design of
pipeline robot adaptive detection module based on



%3

gKIY 25, %, LT FA/TRIZ WASEmTTE A7 22 5 B iG an i T O iL s

445

[7]

[10]

TRIZ[J]. Journal of Mechanical Engineering, 2016,
52(5): 58-67 (in Chinese).

KFUE, 250K, TRIZ AR R Re 7 A 76/ K d it
R A FE]. BARHE AR, 2016(8): 95-100.
ZHU X J, LI K T. Research on the application of TRIZ
theory and function analysis in the design of small
household appliances[J]. Modern Manufacturing
Engineering, 2016 (8): 95-100 (in Chinese).

ST, BT — 37 T (VR AR T B R
FIWEFE[D]. BUM: WL Tk KA, 2016.

ZHOU S M. Research on improving product design
quality based on material field availability model[D].
Hangzhou: Zhejiang University of Technology, 2016 (in
Chinese).

Fiofh, MFER. KT GQFD-TRIZ HEmIVEIEEH
FTABLBET B R FC[T]. B 2E2E4R, 2019, 40(2):
296-302.

SHI Y W, ZHENG X C. Application of GQFD-TRIZ
integration method in police UAV design[J]. Journal of
Graphics, 2019, 40(2): 296-302 (in Chinese).

JijR, BIH, HFL HET QFD Ml TRIZ Y FLES 4TI
AP R B W AT [D]. B3 TR, 2019, 40(20):
118-124.

SU C, ZHANG S L, XIAO L. Research on modeling
design of corrugated board production line based on
QFD and TRIZ[J]. Packaging Engineering, 2019,
40(20): 118-124 (in Chinese).

B, AT IR, ARIEIRR TRIZ Uit
PR 7 S G BT S [D]. BUM: WK%, 2011,
QIAN W M. Research on product improvement design
based on functional analysis, constraint theory and
TRIZ innovation design theory[D]. Hangzhou: Zhejiang
University, 2011 (in Chinese).

BiSOw, Gk, EAR. BT IIRR A ATE I B Bh 3
PLE T[], MUIE S B 3k, 2019, 48(3): 158-162.
GU W B, ZHANG X W, WANG Y. Design of
automatic packaging machine based on functional
analysis[J]. Mechanical Manufacturing and Automation,
2019, 48 (3): 158-162 (in Chinese).

[12]

[15]

[16]

[17]

Fug, EESE, AR, & RTIREDITER PVC
A A sh A HL% 0], B3 TR, 2017, 38(9):
198-203.

WANG F, WANG Z W, LU Y C, et al. Design of PVC
gusset packaging machine
functional analysis[J]. Packaging Engineering, 2017,
38(9): 198-203 (in Chinese).

VoA, AN e, BLR P R IR AR B A B TT o i
551, A% TFE, 2019, 40(19): 103-108.

SHEN X F, CUI X L. Finite element analysis and
research on wooden packaging box of mechanical and
electrical products[J]. Packaging Engineering, 2019, 40
(19): 103-108 (in Chinese).

B BRA. b AR 5N o AT = 48 R T i
Angle's 55 7 & L AT 22 51 G R FF IR 7 [D]. A XK
LB RS, 2012.

HU X Y. Three dimensional finite element analysis of

automatic based on

maxillary traction stress distribution and clinical
correction of angle’s malocclusion and maxillary
anterior traction[D]. Shijiazhuang: Hebei Medical
University, 2012 (in Chinese).

wKEE, TKITHE, XIVEE. BAT 4R R T AL AR
SN RO R T VAR T [T]. B AR, 2012, 33(6):
118-120, 142.

ZHANG L, ZHANG F Y, LIU Y M. Ergonomic
analysis and evaluation method of bicycle saddle
design[J]. Packaging Engineering, 2012, 33(6): 118-120,
142 (in Chinese).

AN, EE, THE, & FEEEHES 8k
THRAGETFE[I]. Wr 12 RSB s &, 2015, 23(6):
646-650.

RAN L P, WANG W, DING R X, et al.
parametric  design optimization of
earphones[J]. Journal of Audiology and speech diseases,
2015, 23(6): 646-650 (in Chinese).

ZHANG F L, YANG M L, LIU W D. Using integrated
quality function deployment and theory of innovation
problem

Semi
comfortable

solving approach for ergonomic product
design[J]. Computers & Industrial Engineering, 2014,
76: 60-74.



