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[ Abstract] The time scale performance of different clock ensemble configurations is compared and analyzed concerning
the technical specifications of atomic clocks. Simulations of hydrogen maser and cesium clock differential data were
performed based on the technical specifications and actual operation of typical atomic clocks. The atomic time scales of the
cesium clock ensemble, hydrogen clock ensemble, and combined hydrogen-cesium clock ensemble were calculated by
applying the ALGOS algorithm, and the clock ensemble time scale performance was examined in four aspects: time
deviation, time stability, frequency deviation, and frequency stability. The results showed that the frequency stability of the
clock ensemble of 180 cesium clocks is equivalent to the frequency stability of 1 hydrogen maser. Due to the large
difference between the frequency stability of cesium clocks and hydrogen masers, the weight of cesium clocks is much lower
than that of hydrogen masers in the atomic time calculation process, and the contribution to the atomic time is limited. The
clock ensembles with a high proportion of hydrogen maser have better time scale stability, and the time deviation and
frequency deviation in the traceability state are also smaller. The clock ensembles with good time scale stability also have
better timekeeping ability in the timekeeping state.
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Tab.1 Technical indicators of typical atomic clock

(8)

manufacturers
T MHM-2010 VCHI1003A VCHI1003M 5071A
1s <8.0E-14 <2.0E-13 <8.0E-14 <5.0E-12
10s <15E-14  <2.0E-14 <14E-14 <3.5E-12
100 s <4.0E-15 <7.0E-15 <4.0E-15 <8.5E-13
1000s <2.0E-15 <3.0E-15 <1.5E-15 <2.7E-13
3600s — < 1.5E-15 <1.3E-15 —
10000 s <1.5E-15 — — <8.5E-14
86400 s <2.0E-15 <2.0E-15 <5.0E-16 —
100 000 s — — <2.7E-14
5d — — <1.0E-14
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Fig.1 Technical indicators of typical atomic clock
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Fig.2 Actual cesium clock operation and simulated cesium clock stability
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Tab.2 Cesium clock simulation parameters
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Fig.3 Actual hydrogen maser operation and simulated hydrogen maser stability
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Tab.3 Hydrogen maser simulation parameters
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F-FM 7.5E-16
W-FM 6.0E-14
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Tab.4 The relationship between the number of cesium clocks and the frequency stability of time scale in the clock

ensemble
AR (£) BRABRERE oy (1d)
7 =N
IBE A
10 7.68E-15 9.11E-15
30 4.47E-15 5.24E-15
60 3.17E-15 3.58E-15
90 2.59E-15 2.95E-15
120 2.24E-15 2.46E-15
150 2.01E-15 2.19E-15
160 1.94E-15 2.10E-15
170 1.89E-15 2.05E-15
180 1.83E-15 1.99E-15
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Tab.5 The influence of the number of cesium clocks on the stability of time scale in the combined cesium hydrogen clock

ensemble
T AR E B oy (1 d)
BRI FHAAE CRERFO) FHEAE (4/NFRAD)

SHM 3.78E-16 4.00E-16 4.00E-16
5SHM + 30Cs 3.76E-16 3.73E-16 3.00E-15
5HM + 60Cs 3.75E-16 3.74E-16 2.77E-15
5HM + 90Cs 3.74E-16 3.75E-16 2.50E-15
SHM + 120Cs 3.73E-16 3.74E-16 2.17E-15
5HM + 150Cs 3.71E-16 3.71E-16 1.98E-15
SHM + 180Cs 3.70E-16 3.70E-16 1.84E-15
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Tab.6 The performance of different clock ensemble configurations
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AP L E
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7Cs+3HM  1.62E-15  120E-15  8.19E-16 0.40 0.70 0.82 -215.1 —441.0 ~795.4
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the traceability state
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