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Measuring system for normal section parameters of
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Abstract: To achieve swift, precise, and non-destructive detection of ball screw raceway's normal sec-
tion, a measuring system based on an optical micrometer is developed. Initially, the detection device is
crafted following the principle of measuring the ball screw raceway's normal section. The original data pro-
cessing algorithm for the raceway's normal section is then refined, introducing the angle division arc meth-
od and arc data homogenization technique. Subsequently, potential errors from sensor installation, the hori-
zontal moving platform'’s straightness, and sensor inaccuracies within the detection device are examined
and compensated for. The detection system's accuracy, comprising the device and the enhanced algorithm ,
is validated through experimental tests. These tests reveal that with the algorithm's optimization, the nor-
mal section parameters of the raceway measured by the system show improved convergence as the divided

arc angle increases. Post-optimization, the maximum measured values for arc radius and contact angle,
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along with the manufacturer’s error margins, are 3.6 um and 19'31", respectively, marking enhancement
rates of 64.36% and 53.46 % over pre-optimization. Furthermore, the maximum standard deviation values
for the measured arc radius and contact angle are 1.56 pm and 2'41", respectively, with enhancement rates
of 22.77% and 56.67%. Class A uncertainty for measured arc radius and contact angle dropped to 0.63 pm
and 1’6", respectively, a reduction of 56% and 70% compared to before the algorithm's optimization. The
detection system's accuracy and repeatability for the raceway's normal cross-section meet the measurement
standards.
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Fig.1 Measuring principle for normal profile of raceway
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Fig. 2 Measuring principle of optical micrometer
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Fig.9 Straightness measurement setup
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Fig. 10 Linear division of areas
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Fig.11 Comparison of parameters computed by linear and angular arc division methods

(5] IR 35 5 19 L Be 50 9K 9 #0065 495 2R R AN B0 Y
F2 IR N K] ) B SIAS 5 B A A R SR A
it T8 9IK A 400G 2 SR A R B A kA )
£ 5 4 o3 B 5K BT 2 % 09 B s A, i T A TR
B 55 (81 9K A0 2 fih oSS I X AR BBy 093G i
B (B IR 5 284 5 i A A Rk B R BN L AT LR
RO 0 VR B B IR S 80 B BN S 3
T s .
52 BEEEUMNMAHEE

N TR AS SO (ORGP RS B
B R O A B T B8 0 Bt 5 A T e G
THE R B ST X L . 5 — ik R AR g
ik = 2, 2 RO R AR AT IS E . AR SRR
fik = 2 AR G 0 N SOHRE fR T AR R AR S AR
WEAE o T 2 09K I 26 1 Opoacom 23 ) A2 72 1Y
U5 VC-10-series A 2 fir 2 56 B A, 00 & 4%
N +0.5 pum,

22 Nt [] — B i3, % b B vk AR A TS T
R B R AR TR R 5 R O il M S E S T
AR L 0 B 9 TR A A T R G R B 5 X L
A5 Y B o A2 TR R 5 (B 9N kAR 0 A v D
2, W TR B A K I AR G 0 R A M 5 ) L I A% 1Y (B
IR R RS R N fid R 09 AN B E I 0 Uk
ASF FR G 1 AT A

A T 2 15 2 M S, VR A 1) G TR T ke
BN A 0 22 AT ] — A T Y 3SR IE S5, 43
S0 TG A I S B3 T B 1 VR ) O 2 8,
SRS YR S AT B SR A5 R SR AR T
Ja AT B B GE vk T S BN R 1R . 3

®1 HERANEREEABESHM RRHEE
Tab.1 Normal sectional parameters calculated by algo-
rithm before and after optimization and value pro-

vided by manufacturer

HOE m
) aw/ ()
KW R a/ () el

ri./mm  rz/mm

1 3.4896 3.4838 45°40'26" 45°42'33"
FEiALRT 2 3.4876 3.4767 45°30'27" 45°42'43"
3 3.4755 3.4799 45°24'19" 45°38'22"
1 3.4971 3.4899 46°1'31" 46°3'41"
BEMALG 2 3.4943 3.4814 45°54'51" 46°7'54”
3 3.4815 3.4855 45°49'33" 45°57'48"
1 3.4997 3.4927 46°10'58" 46°222"
JTRBEME 20 3,497 1 3.4845 46°9'57" 46°24'39"

3 3.4849 3.4891 46°1'55" 46°17'19"

BERE AR 5 R E R W AR S S T R AR
i R 22 AN R 2 Fros o VIR 5 U e {R B4 A v
fim 22 40 2 3 B 7, TH5 5 Ul e 5 B A RN i E
MR APR . R, AERICER AR
AR, o IR IR 76 A NHE filk /), o WIRER S
A B 9ICH figh £

H1 3 2 n] DA B, B30 3 00 A i v 325 1) 4 T
A I 2R 8 0 A5 Y (B I~ A VR BRI 94 Ak A
5 R A EOE B 0% 28 B RAE 23 %10 O 10. 1 pm
FI41"56" o Sk LAk ) TR E U5 1) 8T A I AR 42
AT g [ B~ A R Mk A 5 T 5 4 A 0l B AR
ZEde RAE 4300 2 3.6 pm A1 197317 Sk AL 5
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Tab.2 Error between parameters of optimized surface and

values provided by manufacture

PR
ij; {;g ro/mm  rg/mm o oa /(7)) ag/(7)

1 0.0101 0.0089 30'32" 39'29"
etemr 2 0.0095 0.0078 39'30" 41'56"
3 0.0094 0.0092 37'35" 3856
1 0.0026 0.0028 926" 1821

e s .0028 0.0031 15'6" 16'44”

Do
=]

3 0.0034 0.0036 1222" 19'31"

®3 FEZRHEHELEBEEZRAUTEREEDE
HSHBIRERE
Tab.3 Standard deviation of surface parameters before

and after optimization of surface data processing

algorithm
) oo R . .
B ok IR ., ri/mm re/mm  a /(7)) ag/(7)
F5
1 0.00184 0.00202 612" 311"
P Ak i 2 0.00178 0.00061 62" 230"

3 0.00174 0.00126 42" 458"
1 0.00083 0.00082 152" 241"

i fe e 0.00084 0.00094 229" 45"

Do

3 0.00156 0.00100 237" 129"

14 2 22 B AIG L FEORT T B30 3 R T i 1 152 22 43 ol e 1
64.36% F53.46% o LML G BY IR B 2 ) 8
T ) 2R 94 G A K

FH 2 3 1T LAR B, 553 P Ak i VR vk ) AR TmT
K R Gt D0 A5 A [ IR~ A2 R0 R Bk 5 TR 42 fih £
B s T i 22 B KABL 200 R 2. 02 pm AT 67127 . B
AR AR 5 VR I A 1 AR A R AR S TR
AL Ay [ I 2= 4% 0 22 ok £ 10 B 1 Al 22 H5c K E 5y
4 1.56 pm Al 27417 B AR AR TG b oE i 22 5%
G, FEOR 530 00 Ak i A 15 22 43 S B AIC 22. 77 %
M 56.67% . TR AL 1Y 7R T8 75 ) 8 1 A I 2R
G A PR R R

PR DU A b, R RS i B T
RELENFZ — KRN E B AT

®4 FEZOEEHRLEBHEZRAUTEREEZDE
HSHWALRTHEE
Tab.4 Class A uncertainty of surface parameters before

and after optimization of surface data processing

algorithm

ij’; ‘;ﬁ n/pm) rdmmoa/() ag/()
1 0.75 0.82 2'32" 117"

DAL 2 0.73 0.25 228" 11"

3 0.71 0.51 139" 22"

1 0. 34 0. 34 46" 16"

Ak G 2 0.35 0.39 1" 18"

3 0.63 0.42 14" 36"
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A B0 TR 9 A2 F0 TR B L5 (8 942 fioh £ A9 A AN g
E e RAE 57 50 0 0,63 wm #1767, AH 48 57 12
DAL AT I 9~ A R Bk 5 B S fih A 4 K0 Sl
REAIR 5696 F1 7000 0 SERE AL AT JA , A I 25 21 A
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M IR A SR ik A [ O AR N 4
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