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Research on Laser Interference Measurement
of Shaft Runout

SUN Shi-qin, DAI Meng-ping, LIU Kang

(School of Mechanical Engineering, Shandong University of Technology, Zibo 255049, China)

Abstract: Shaft runout has an important influence on the machining performance of machine tools. To

meet the requirements of high precision, real-time and on-line shaft runout measurement, a novel efficient

laser coherence technique for shaft runout measurement is proposed. Because of the use of a stable and

reliable He-Ne laser based on Zeeman effect as the light source, the technique has the advantages of

high sensitivity, high signal-to-noise ratio, high accuracy and long detection range. In addition, with the

transmission by optical fiber, the flexibility and anti-interference of measurement are further improved.

The demand of real-time and online long range measurement can be satisfied. The experimental result

shows that the measurement uncertainty of this system is less than 0.1%.

Key words: runout; Zeeman effect; laser heterodyne interferometry; optical fiber transmission
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Δυ0 ��;;B<�<:#���8;A (υ2)
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,%� (2(��;A υ1 � υ2 �A�

�=�

y1(t) = a cos 2πυ1(t) (5?) (1)

x1(t) = a sin 2πυ1(t) (5?) (2)

y2(t) = a cos 2πυ2(t) (@?) (3)

x2(t) = −a sin 2πυ2(t) (@?) (4)

E> λ/4>D+�E�6�6:?�9,�0;

A 
F�;( 5 ��;�F Y��7�@�;

(G y1(t) � y2(t) E>�G�6B< (?%) �

H 1 HIAÆI?@JABCBKJH�1– He–Ne AÆLD2– λ/4 EMD3– ÆNCNDD4– FÆDD5 G

12– EOLD 6 G13– ÆHFPLD7 G14– GQR8I�LD8– OKFÆHDD 9– JIJ9HDD10– C

BJ9HDD11– KSDD 15– LALD16– KT�
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= a cos 2πυ1(t) + a cos 2πυ2(t)

= 2a cos[π(υ2 − υ1)t] cos[π(υ2 + υ1)t] (5)
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y
t
= [a cos 2π(υ2±Δυ)t+a cos(2πυ1t+π/2)]·cos(π/4)
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2ak sin
2π(Δυ0 ± Δυ)t + ϕ
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Δυdt =
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2V

λ
dt =

2
λ

∫ t
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V dt (9)
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L =
λ
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υdt = N · λ
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ΔL = Lmax − Lmin =
λ
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(Δυmax − Δυmin)dt (11)
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=
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0

(Δυmax − Δυmin)dt (12)
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J 1 KLMNOP

rv 1 2 3 4 5 6 7 8 9 10

abpqwÆq (µm) 10.20 10.14 9.93 9.99 10.16 9.87 9.92 10.17 9.91 9.98

abqwÆq (µm) 10.05 10.03 9.91 9.98 9.95 10.08 9.93 10.04 10.12 10.06

RA–2100 (µm) 10.01 10.02 10.01 9.98 9.97 9.99 10.00 10.02 10.0 9.98

x3=10.0010 µm 
 σ1=0.1263 �σ2=0.0692 �σ3=

0.0202 
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x 5+�
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3
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3.1 QRST λ UVWXYZ[ [5]
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3.4 e[fXYZ[Wgh [12]
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μ = [μ2(λ) + μ2(θ) + μ2(Δυ)

+μ2(T ) + μ2(n)]1/2 = 0.0126%
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