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Dynamic Parameter Identification and Positioning Error
Compensation of H-Bot 3D Printer
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Abstract: In order to improve the printing precision of economical 3D printers, the 3D printer based on H-Bot is used as the
research subject, the traditional motion model is simplified, a new kinematics equation is established, and a dynamic simula-
tion model is built. By introducing orthogonal test and parameter identification method to optimize the model parameters, the
uniaxial motion of the printer is calibrated, and the differential error compensation method is used to compensate the motion.

A uniaxial motion calibration method based on the above method is proposed, which can significantly improve the position-

ing accuracy of the printer nozzle.
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Fig.1 Generalized coordinate diagram of H-Bot system
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Fig.2 Simulink model

3 VR EESH AT

TEFERERI T K, Jy, s i s Ky g s Ky
bcarl > bbridge > F;can ] F'cbridge %%%ﬁﬂﬁiiﬁﬁﬂﬂ“%%ﬁﬁ
RERAARI, SO FLEE 2R A A R AR BE A0, DA

y/mm
[ S S L Y e -]
T

0 0.2 0.4 0.6 0.8 1.0 1.2
t/s

(@) 0.75 s

XEESHAIN — R YR R T, 05 S5 T2 50
HERL E A SR O B LR DL 0.01 s [ RIFRSR:
ESEETE y T4 0.75s F10.25 s i55 8 mm i
S, HaE s LRI 0k 7.867mm Fl
7.979 mm. Z:ifilizshth & anE 3 k.

y/mm
O = N W ke N

0 0.1 02 03 04 05 06 0.7
t/s

(b) 0.25s

B3 yAEEHAHL%E

Fig. 3 y direction motion displacement curve



2021 4 4 A

WO, 5. H-Bot B 3D fTENHLEN 1+ SRR S E LR AME <43

WRAEE 3 BSEPris shhifB ik, 455 a5 i 4
NSEGEA ORI, SR8 R IR SR
AP, ASTHE L 1.

®1 HNFESHMbT

Tab.1 Kinetic parameter estimation

SR Bl
7/m 6.37x 107
To/ (Nm) 1.2x107
K/(N-m-stad™) 6x107
Jul (kg'm?) 1x107
Mear/KE 1
Mirigee/KE 1.42
f/(N'm™) 2x10°
ke/ (N'm™) 2% 10°
ky/ N-m™) 1x10°
bear/ (N-ssm™) 30
Dirigee/ N-s'm™") 50
Fecar/N 5
Fepriaee/N 10
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Fig. 4 y direction motion displacement and simulated
displacement curve
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Tab.2 Control variable experiment results

SR IKSEAE s/mm
12x1072 4.8199x10™
To/ (N-m) 6x107° 3.4x%10°
24%107° 55%10°
6x107° 48199x10™
K/ (N'm-s-rad™) 3x107° 26x%10°
12%x1072 29%10°
1x107° 48199x10™
S/ (kgrm?) 5x107* 7.1275x 107
2x1073 1.5%10°
2x10° 48199x10™
ki (N'm™) 1x10° 3.8204 x10™
4x%10° 48188x10™
2x10° 4.8199x10™
kx/ (N'm™) 1x10° 4.8207x10™
4x10° 4.8188x10™
1x10° 4.8199x10™
ky/ N-m™) 5% 10* 4.8216%x10™
2x10° 4.818 3x10™
50 4.819 9x10™
Dpridge/ (N-s'm™") 25 4357 7x10™*
100 1.1x107
10 4.819 9x10™
Febriage/N 5 4.475 6x10™
20 6.118 3x10™
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Tab.3 Orthogonal test parameter level

B K- KB
a 1.28x107
Ty (N'm) a 1.3x107
a; 1.32x107
b 6.5x107
K/ (N-m-srad™) b, 7x107
b; 7.5x107
ci 4x10™
I/ (kgm?) c 5x107
c; 6x107
d 33
Burigee/ (N'sm™) d, 40
d; 47
e 9
Febrigee/N [ 10
€3 11
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Tab.4 Orthogonal experiment results

TRES T K, Jm boridge  Febridge s/mm
1 a b, C d; e 4.980 5x107
2 a b, C d; e 4.803 6x107
3 a b, C d €3 4.6272x107
4 a b, C2 d, e 1.347 7x10™
5 a b, C2 d, e 1.485 1x10™
6 a b, [ d> e 1.623 0x10™
7 a; bs C3 d; € 6.350 3x10™
8 a; bs C3 d; € 6.473 9x10™
9 a; b; C3 d; €3 6.597 0x10™
10 a b, Cy d; e 2.577 0x10™
11 a b, [ d; € 2.4151x10™
12 a b, Cy d; e 2.2539x10™
13 a b, c; d e 4237 8x10°
14 b b, C3 d € 4303 4x10°
15 a b, c; d e 4.829 2x10°
16 Eh) b; C d, e 3.293 2x10™
17 Eh) b; C d, e 3.413 4x10™
18 Eh) b; C d, e; 3.5351x10™
19 a3 b, [ d, € 3.6859x10™
20 a3 b I d, & 3.522 0x10™
21 az b, [ d, €3 3.358 8x10™
22 a3 b, c d; el 1.613 1x10™
23 az b, cy d; € 1.620 0x10™
24 az b, cy d; €3 1.629 5x10™
25 as bs C d el 1.967 1x10™
26 as bs C d e 2.0984x10™
27 as bs & d e;  22297x107
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Fig.5 Orthogonal test fitting curve
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Tab. 5 Identification of the obtained dynamic simulation
model parameters by experiment

r/m 6.37x107 e/ (N'm™") 2x10°
To/ (N-m) 1.3x107 ky/ N-m™) 1x10°
K/ (N'm-s-rad™) 7%107 bear/ (N-s'm™) 4
Ju/ (kg'm?) 6x107 Diridee/ (N-s'm™") 33
Mear/Kg 0.7 Froear!N 0.3
Mridge/KE 1.42 Fopriage/N 9
ki/(N'm™) 2x10°
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Fig. 6 Verification curve of the verification test
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Tab. 6 Error compensation experiment results

75 HsJ 1) /s B AE/mm 5 B A /mm AME{E/mm S AME PR /mm 1% 2% /mm
1 036 3.840 3.799 0.041 @ 3.801 0.039
2 3.849 0.009
2 0.40 4267 4220 0.047 @ 4.222 0.045
= 4.265 0.002
7 4.644 0.049
3 0.44 4.693 4.642 0.051
= 4.700 0.007
4 0.50 5333 5274 0.059 E >.282 0.051
2 5331 0.002
5 0.56 5.973 5.907 0.066 E 3733 0.060
P 5.970 0.003
6 0.60 6.400 6.329 0.071 E 6.332 0.068
Ik 6.408 0.008
i 6.755 0.072
7 0.64 6.827 6.752 0.075 o
Ik 6.830 0.003
8 0.70 7.467 7.383 0.084 ”: 7.384 0.083
2 7.469 0.002
9 0.74 7.893 7.806 0.087 @ 7.806 0.087
= 7.885 0.008
10 0.80 8.533 8.438 0.095 19 8.444 0.089
2 8.527 0.006
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