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Abstract Herein, a versatile parabolic band integrating mirror for a rectangular spot is proposed. A segmented
parabolic equation satisfying the ultraprecision turning process is derived using an established segmented parabola
homogenization model. Using the integrating mirror, homogenization width in the integrating direction larger than
that of the traditional rotating segmental linear integrating mirror can be obtained, which is considerably larger than
the input spot diameter. The influence of the number of integrating mirror segments on the uniformity of the output
spot is analyzed. To avoid large deviation errors caused by a geometric method, the transmission equation for
traveling Gaussian waves is used to calculate the defocused spot size in the rotation direction. Two integrating
mirrors with output spots of 100 mm X 3.2 mm and 14 mm X 3.3 mm are designed and simulated by SolidWorks
and Zemax, respectively, and the simulated spot sizes are 100.2 mm X 3.2 mm and 14.2 mm X 3.3 mm. The
14 mmX 3.3 mm integrating mirror is processed and tested with a 3-kW fiber laser. The spot size is measured to be
14.3 mmX 3.3 mm, and the uniformity of the homogenization direction reaches up to 90% , which satisfies the
application requirements for laser processing.
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Fig. 5 Three-dimensional diagrams of output spots with different numbers of segments. (a) 3 segments;
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Table 1 Parameters of parabolic band integration mirror for 14 mm X 3.3 mm rectangular spot

Parabolic segment number Focus coordinate /mm

Left end point coordinate /mm  Right end point coordinate /mm

~N O Ul R W DN =

(751.9303,159.20102)
(780.0554,171.97745)
(794.0951,185.89755)
(801.1046,200.0)
(808.176,213.98083)
(822.3404,228.15417)
(850.72076,243.42018)

(375.3867,176.12651)
(382.32245,182.69638)
(389.3926,189.51724)
(396.4643,196.46428)
(403.47382,203.47447)
(410.42276,210.54514)
(417.3717,217.73662)

(382.32245,182.69638)
(389.3926,189.51724)
(396.4643,196.46428)

(403.47382,203.47447)

(410.42276,210.54514)
(417.3717,217.73662)
(424.43564,225.1705)

F 2 WAL B R /N A 100 mm X 3.2 mm (K30 R

Table 2 Parameters of parabolic band integration mirror for 100 mm X 3.2 mm rectangular spot

Bt 2%

Parabolic segment number

Focus coordinate /mm

Left end point coordinate /mm  Right end point coordinate /mm

~N O Ul = W D=

(455.5179,224.08635)
(446.23444,215.65775)
(437.70215,207.6788)
(429.845,200.0)
(422.84888,192.42545)
(415.37976,184.87997)
(407.40305,177.49763)

(417.35858,217.88004)
(410.12717,210.34502)
(403.06757,203.11478)
(396.07144,196.07143)
(388.9467,189.02396)
(381.77625,182.05824)
(374.6794,175.28896)

(424.85757,225.83057)
(417.35858,217.88004)
(410.12717,210.34502)
(403.06757,203.11478)
(396.07144,196.07143)
(388.9467,189.02396)
(381.77625,182.05824)
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