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A Compensation Method of Springback Effect for Automatic Orthodontic
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Abstract In traditional orthodontic treatment, archwire preparation is performed by orthodontists manually.
This manual pattern not only requires long time trainning of the clinicians, but also can not ensure the clinical
requirement of customization and accuracy. It also increases the number of patient’s office visits and long

chairside time. Thus, an archwire bending robotic system aiming to perform this task automatically was
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developed. The springback effect caused by high elasticity of material affects the accuracy of bend forming. In

this paper, a compensation method based on an overbend prediction model and an online force detection was

presented to eliminate the springback effect of archwire. This method contains two steps. Firstly, an overbend

prediction model was constructed to predict the overbend allowance of a target angle, based on calculating the

difference of two angles measured by a self-designed instrument and taking the angle after springback as the

target angle. Secondly, a force-based bending control algorithm was designed to detect the defined zero-force

state using a force sensor to online measure the force at a given target angle. Finally, bending experiments

were conducted in the self-developed orthodontic archwire bending system. Results show that the proposed

compensation method can eliminate springback effect to minimum and accomplish the preparation of clinical

required orthodontic archwire.
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Fig.1 Operation of bend forming

Wil 2 o, T ANEE R B I R 42,
ZAF OB ] o2 A T A e B, 2475
2 JR X By SRR T ORI, IS 22
I o LEAE BT ST o /N, X
PG JBEPR A S [ 55 28 o

PR R[] SR P P S S AT L 75 A
ENELL Pz penEs b b s =PI E SN E LS9

e

1 SZTHIRE

2 SEAEEYN
Fig. 2 Springback effect of archwire
o AEIEE A, WIS TR R 5 225
BN —ASEKRASE o, 1, focJa LML E B[R]
FEHEME . )T 2 PosBEHIER, e R
Rk RUTEAFZAE T 52 PIFRREE, & &
ESWAE
k=a,la, (1)
BRI, 0<k<Il. [R[# & B
552 RR AT, RSB HERAET A VI
Ak, AR I R R,
FATAHER 2L S R RIE AN -
A0=o— o, =1/ k—)Xa, (2)
o VIR A, S Z BRI E I H
brsl, Bl TRt @ f3 20 5 B Ay
AG=(1/k—1)X80 3)
DRI T ANEEANAA Jot LE W 5 22 1 v A OE 25
[ BEOR = FURSND WIS RPN IS RS I CIRE VA U E2Y
(3) KT H AR A1 L 25 BT

3 IdEHMERE

AR IE MY 55 22 9 375 ] R G AT 75 il
Bt 3 (a) Pras, 75T TR SRR 7 TR LG
DL [R] T W B )25 1R OB s 1 . ASCER
RN S5 T RN S TAMARE R, ASRECH by
JEE A ERTD (I 75 B T«

iz ARG SR PR T Al 3 (b) By 5
2225 m s A AL . BEAT A RIS SL R, 1%
PE PR EAT B R L, AR EAT S



P TE IR 5 22555962 s 1 S 26 B I (Bl #0250k 23

LI RAE, T KRR AE N S 22, JEAEA]
5 BB TR GEROUF IR I E R Sk, ER kY
TSRS, AR A RS b O A

(a) 2 B A AR
B3 HIE R AR e

Fig.3 Mechanism of equivalent measurement of

(b) AT BEVI ¥ 5 22 ml il A%

springback angles
EFXFASCH R 11 0.017 inch X 0.022 inch 1]
AREEN S 22, $EE Kim EREHA 1 mm 2453k
BEAT S R 0 iR e . A R R A 0° F
200° JFLA5° HIPKIEAT, 43 2000 s & o
Wik 4 fros.

180 5o
160 2210
140 e
120 XX =T

~100

80 -

60 L

40 gt

0|

%7 (

0 20 40 60 80 100 120 140 160 180 200
@i (°)

B4 THSENEHES

Fig. 4 Measuring points from bending experiment
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Fig. 5 Overbend precompensation model
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Fig. 6 Force detection of springback and its mechanism
realization
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Table 1 Automatic bending control based on overbend

precompensation model and force detection

Algorithm Bending_Control(d_angle, p_config)

procedure Bending Main(d_angle, p_config)
¢ angle < robot_state.get pose();
Bending_Exe(c_angle, d_angle);
nc_angle <—Bent_Chek();

Bending Exe(nc_angle, d_angle);
nc_angle <Bent_Check();
end while

return Done;

1

2

3

4

5 while not nc_angle equal to d_angle do
6

7

8

9

10 end procedure

11 procedure Bending Exe(c_angle, d_angle)

12 o_angle — preM(c_angle, d_angle, p_config);
13 robot_move(o_angle);

14 end procedure

15 procedure Bent Chek()

16 nc_angle < robot_return().zeroP();

17 return nc_angle;

18 end procedure
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Fig. 8 Robot system for orthodontic archwire bending
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Table 2 Bending Results of six characteristic angles
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Fig. 9 Archwire preparation experiment



P TE IR 5 22555962 s 1 S 26 B I (Bl #0250k 27

TSR] 25 S o e T T P[] IS, e 1)
MOEUETE S 2 F 5 22 2 I B, (H A
FETHSNE TR 2%, BENE N ] T 52 B (1 1E Ik 5
LRSI N RS, P SO R .
SCIR A RR W], ATTIARE U S R DI e ih S 1
JRIERE L, SEILTRE M OB S JAE = 1 mm Y
W, o Dy ZHORZE A £2.5 mm JEH A (GERR
FEEAE 5% KiAT) . MR T EAH L 15%
IR RZE A

6 % it

ARSCHR M — R 75 SRR A 1] 55 ) AR 2%
PR 20 25 22 B s 25 Tl [m o o 25 S s 1
2, DUEF X PEAR o 18 I 06T 5 229506 o 1 45 P L s
NARGETT I 368 3 AR 5 (o] 3 1 e il o 122579
BRI, W AEE A B AT B S ]
SR LI ST S K A 2, DU e A i
TR PAMERAR; SRJ5 I I AL AR AT 5 2217
SNAELR I, LT PRI B Bh
PR LR IR A ARG & 5 L
ARG AT E RIS, 4R R E R
B3 R BRI [P 595 0, ST LG AL R AR 7 o 22
SRIIER 5 22 B3I -

% X W

[1] Proffit WR, Fields HW, Sarver DM. Contemporary
Orthodontics [M]. Elsevier LTD, Oxford, 2012.

[2] Mavreas D, Athanasiou AE. Factors affecting the
duration of orthodontic treatment: a systematic
review [J]. European Journal of Orthodontics,
2008, 30 (4) : 386-395.

[3] Fischer-Brandies H, Orthuber W, Pohle L, et al.
Bending and torquing accuracy of the bending art
system [J]. Journal of Orofacial Orthopedics, 1996,
57(1):16-23.

[4] Gilbert A. An in-office wire-bending robot for
lingual orthodontics [J]. Journal of Clinical
Orthodontics Jco, 2011, 45 (4) : 230-234, 236.

[5] Rigelsford J. Robotic bending of orthodontic

(6]

(7]

(8]
(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

archwires [J]. Industrial Robot: An International
Journal, 2004, 31 (6) : 321-335.

Baragetti S. A theoretical study on nonlinear
bending of wires [J]. Meccanica, 2006, 41(4):
443-458.

Anggono AD, Siswanto WA, Omar B. Algorithm
development and application of spring back
compensation for sheet metal forming [J].
Research Journal of Applied Sciences, Engineering
and Technology, 2012, 4 (14) : 2036-2045.

EHFHY, Wk, VLA, & ST R 3 by
B [T]. B EOR, 2014, 39(12) 2 65-70
SR, U, IE W 227 R Pk o B b sk
BAtye L], E PR, 2011, 22(15) - 1827-
1831.

LW, ER, TROKAE, AF P N HIR L2
[ SR ER 73 AT S S E T [T, A AR 4R,
2015, 36 (4) : 919-926.

Luis CJ, Leon J, Luri R. Comparison between
finite element method and analytical methods
for studying wire drawing processes [J]. Journal
of Materials Processing Technology, 2005, 164-
165(10): 1218-1225.

FLAN. TE R ANGEAN 75 22785 i L b [l A R T
HAEAAUEST (D). F ot 4 K57, 2009.
TR, FTAEA, B X AR TS I AR Y ]
Hea B R S ST [T]. BT, 2010,
28(6): 60-65.

Deng H, Xia ZY, Weng SK, et al. Motion planning
and control of a robotic system for orthodontic
archwire bending [C] // IEEE/RSJ I International
Conference on Intelligent Robots and Systems,
2015: 3729-3734.

Singh A, Agrawal A. Experimental investigation
on Elastic spring back in deformation machining
bending mode [C] // ASME International
Manufacturing Science and Engineering
Conference. American Society of Mechanical
Engineers, 2015: 9283-9290.

Allen DK, Todd RH. Manufacturing Process
Reference Guide [M]. Industrial Press Inc.,
1994.

Xia ZY, Deng H, Weng SK, et al. Development of
a robotic system for orthodontic archwire bending
[C] // IEEE International Conference on Robotics
and Automation, 2016.

SLPEVE, Fibi, R, A 1 I e 2 B
Hlas NS ALHUMT: 11, CN201410083066.1
[P].2014-03-06.

MY, DEIERNAST 8 5 25 HEoR [M].
Jemt: NRCEA: Hi L, 2010.



