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Completeness Measurement and Identification of Geometric
Error of Rotary Axis of Boring Machine
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Abstract; To address the problem that the number of geometric errors were inconsistent and
incompleteness which needed to be measured for the rotary axis of four axis horizontal boring machine, an
analyzing methodology of PIGEs formation mechanism based on the shape generation function and a
method of the completeness measuring, identifying geometric errors of the rotary axis were proposed for a
four axis horizontal boring machine. Firstly, the generation function of PIGEs of horizontal boring
machines was constructed based on the shape generation mechanism, and the minimum number of
position-independent geometric error ( PIGEs ) that the rotary axis can be adjusted through error
compensation was determined. Secondly, the completeness function model was established consisted of
four terms PIGEs, six terms position-dependent geometric error ( PDGEs) , six terms setup error ( SEs)
and DBB measurement track radius length of the rotary axis of horizontal boring machine, the Viviani
curve measurement track based on DBB was designed based four-axis synchronized motion, and the
NURBS characterization of six item PDGEs, identification methods of PIGEs, and SEs of the rotary axis
were constructed. Finally, the comparative experiment by error compensating was carried out. The results
showed that the error compensation using the geometric error completeness measurement and identification
results included four terms PIGEs, six terms PDGEs, and six terms SEs can improve the measurement
accuracy of circular trajectory by 40. 69% compared with that of compensate six PDGEs simply.

Key words: horizontal boring machine; geometric error; formation mechanism; rotary axis;

completeness measurement and identification

e ha H . 2023 -08 —30 &l H Y. 2023 -10-05

EETIE : (15 [ AR ST (52065053 52365058 52365064 ) , 4% 11 S b4 R U T H (2021660255 ) |14 5 147 1A X 85 % 2% Ke )
97 P BA 2 0 S H5 050 I (NMGIRT2213) P52 7 14 ¥ X FEJR 5 4 3 A RHIF AL 25 90051 F ( ZTY2023005 ,1Y20230043 ) | 14 % 7 14
380 X 15 98 2 e AR R S SRR TR L (NJYT23043 ) A 52 i 1 4K B2 35 4 T H (2023 LHMS05018 2023 LHMS05017)

TEE B : S (1985—) 8 , WIS, 3 M TORE S LB U Ik R R B R DF5¢ , E-mail ; sijianguoxtu2015@ 163. com

SIS : REAREE(1981—) 9 502, Wt S0, 3 30N A0 Ll R332 F 58 , E-mail ; tangshufeng@ imut. edu. cn



SRS 25« RS  B PR  ab JLAnT 52 22 58 46 MR I 4 5 IR 447

%1
0 3%

BAEHLIR & — > B 5% A i 38l 1 B A,
% b T O T R R I — KR
B R R E RH A b BE R OE TR MR
B B i 26 45 5 e SR 1 vh /N it B RS 55
T, AR AT B0 AR T HE R ST T 4E | = 4 il T A
I 3E T RSE R AR RAL R BE SR i LR
B, O BE e g AL B AL R AL BOAL o2 S T
VB, ZET R A T B R LA i 3l 5
WEw RO T A o JL AT IR 2 R
B Y e 2505 1 o 28 TR, HG vl e A i JL AT 1
2 1 5 W R T T 2k Bl X WL ARG B B R e
I, 4 7 b =X B AR e A% Al TLART 158 22 1 1 S HL B, X
FEHEAT I A BT St Ab A2 0 42 T HIL A v i 2SOk
JEHAEEE L,

BUR L] 8% 22 0 5 07 & A7 5 19 JL AT 4% 22
(Position-dependent geometric errors, PDGEs) £ 5 {if
B JC K ) JL A 12 22 ( Position-independent geometric
error, PIGEs)'*™"' . PDGEs i % # & &6 {4 1% 2
(Component errors) *' | PDGEs 3= B2 Y5 F % 5l il 11 1
BBt . PIGEs i K ko7 8 1% 2% ( Location error) )
4% & % (Link error parameter ) | iz 3 % i 22
(Kinematic error) fl & 4t fii 22 ( Systematic deviation)
% PIGEs % iy AL R Ll B 150 S8

N5 55 9 DL A it LA 15 2 2k S it 15 22 T B 5
IR LR L X e Bl ) PIGEs &5 PDGEs il
BEJ5 v JEONG 45" F) 1 fik 47 248 ke o b ofe 3K ot
7 R AL R e e Bl /9 4 T PIGEs #E4T 1 i B¢
P, 38 3 AR EER O R BT 22 )15 22 1) o B a2 BR A
L B SEBR AL, Ol kiR 22 i 5 PIGEs Z [A] (1)
PREOC RSB T LT 22 IR, WANG %51 1]
WO B ERASCR T 22 3l 43 sf T 128 xR 4 R 174 e 2% Jh
2 W PIGEs #EAT 1 I &, JF 55 450 5 A8 i) 0 5 4% 2R gk
ATHE, W E T P42 07 R0 A7 St . ZHONG 2%
7 DU A Fib 2 £ R BT XM — 60 T E JE 4 BR AT
177 H &M 3 Wi PIGEs HFR, I3 i 2 3% #1306 T
WAGHEAT T 1 X5 £ 400 & /9 5 2 30 1E, CHENG
2] PR O T SO Bl B X R 5 b 2
T PIGEs 16 3 PDGEs $E4T 1l & , I 2 T I 42 45
RYGAE TS B 23 T 07 58 B9 AT RCPE , (ELR TR 40 5d B
R Al 2 9 PIGES (9 BAABESUr % . PENG 2
WSO n R B AR SRR 22 i 2 P e, S B T Rb
2R R ERE Bl 6 T PDGEs MUl & A, 58 1 7 il
HSCPT PDGEs By, BT i 22 2 R A
VAT XY Z i B HEIR R 22, DL S RXT0 [l 4% 73

JEACHEAT T Rp 2B DK e 5% il 6 15T PDGEs 1) ] & ¥
W, TIAN %" jg gl 1 2 ) [ Bk 500 19 DBB il 4,
BT Fib 2 A R E 5 Bl 6 T PDGEs i 1 14 [1] 9 2
THTRZEIRRGRE . X244 0K B S Y AT
FEAE X BN B RS Y hOTAT AR Z R A
() 2 150 PIGEs JLAu[ 1% 2% 51 A %8 P %l Fip =X i T Hh oo 1Y
22 AR 2SRRI R G 3 T AT T JLADRS BE AR 1k 4%
BT o b B BF 5 & X0 e % il PDGEs Il 4 B 5
TRFERCRET T A B A X b 3 g R i B
PIGEs [ i 5 HE IR BT 55 o, % 1 1) 158 22 101 40 45 e
Il 5 T Tl ) A R AR 25 R R S B e
BR & Z W B RS 22 T BRI PIGEs 7E 50 H M i
1D ¥ TR S (5 =

St 0 BN 8 i L AT 452 22 4 i 1 R il 1) 5%
2 T 1 R A — BOR LR, AR AR 5N E B b
PIGEs [ 8 s HLEE AN B o 33X S 5005 22 A 78 58 28 1
9 ORI A B 5 W BT AR I B 4 B JLATT AR 25
ARG — BRI B % A 25 b B BE R 4R T
S R R A e L i 8l T U D 2 2 OB, IR
2R Bl X R 2 SR R 2R . W 3 i DBB [
B S T4, LT R AR ] 5% 2 X ) R ORS E
m SR, B Bl A K 7 Bl 15 2 (5 0 O i ik
T S W L AR 158 2 %) 2 ()RS i s > B A5 ML
SE bRz gl ik B vh Z2 50 [F] 2003 2 R E AT

JUAR[ 158 2 10 22 0 2400 2o 8 v 2 o B0 25 4 22
B B, 2 30 2 B W B LR 2 L 25 5 1 B R LA
HMEHE, PSRN R, R RE
30 97 (A TLART 158 25 T S I, B i1y B 45 (] B 25
5, X W) 1 % 7 19 A Bt LA i 1) . B RE 4 il 4k
()5 B A0 B A5 37 B 2 M0 A1k 2, S04 ol 46 7 e
1A SRl B2k, NURBS #i#h © 2 1E WL 2% A5
S HL ) Ll T AL I T BRI ATz R . AT
Z 0 AR & B RE Sk e 04, NURBS i £ 16 J7 i
P WA SIONS B 3883 7 TG LA 1 BL A i e L R
)2 LR B 2 2R LS T v o

T, A SR — b b X R e % Bl 37 G
5 JUART 5% 2 A S 40 0 7 125 % e % Bl 4 %8 PDGEs &5
PIGEs 5¢ 4 I 1 HE iR 07 vk o 7 1 14— 3 Jal o el 1)
37 G X % 22 1 s MR TR, 4G 4 e ¥ 350 2 4 B AT, 3
T 2 Tl 5 HG [ 3 T 2k Bl 22 (W] Y PIGEs 81 B AL AR
AU G B T e b 7 0 A HE UL 4 T PIGEs ; #4 g S F
DBB 1 Y Viviani Y 4 5 3l il £& 5 5 050 ) 4 452
X5 ) 5 A 1 22 1 A % ARV 3 i 7
A R B PR b PR AT 158 2 ) ek % A58 25 RMEE SR, LAY
I SC AP BT 4 HH 7 1 A



448 £~k

1R S ¢

2024 4

1 BEbKEERIERHILAIRERE X

1.1 He¥ % PIGEs BB H 18
LM IR T/bz0xy/S (2) FWFZE R4, A 1
F7R o

P R R i

Fig.1 Schematic of horizontal boring machine
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Fig.2 Distribution of PIGEs of horizontal boring machine
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