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Abstract: Normal gravity field models form the foundation of
physical geodesy and marine gravity field construction. Focus-
ing on the geometric relationships, shape differences and phys-
ical error propagation mechanisms among different equipoten-
tial surface models in the normal gravity field, this paper con-
ducts a systematic derivation and numerical analysis of the nor-
mal gravity potential function. First, the radial equation of the
level ellipsoid and the potential function equation for the level

surface of an oblate spheroid are established. Second, the lev-
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el surface equations for the Bruns spheroid and Helmert spher-
oid are derived using the power series expansion method, and
the Newton iteration method is adopted as the numerical
benchmark to verify the accuracy of finite-term expansion re-
sults. Finally, based on the vertical gradient of normal gravi-
ty, a quantitative evaluation model is constructed to describe
how geometric deviations of equipotential surfaces propagate
into gravity anomaly errors and positioning errors in gravity
matching navigation. Calculation results show that a systemat-
ic deviation on the order of ten meters exists between the
Bruns spheroid and the standard level ellipsoid, and the in-
duced gravity anomaly error can reach the order of several
mGal. The difference between the Helmert spheroid and the
level ellipsoid is mainly on the centimeter scale, with a corre-
sponding gravity anomaly error of approximately 0.02~0. 03
mGal. The research findings indicate that the selection of
equipotential surface models directly affects the performance
of high-precision gravity anomaly reduction and the results of
gravity matching navigation. The Helmert spheroid, or the
normal gravity field model which strictly coincides with the
level ellipsoid, is more suitable as reference models for the
construction of marine gravity reference maps.
Key words: normal gravity field; level ellipsoid; equipoten-
tial surface deviation; gravity matching navigation
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Fig. 1 Comparison of the Level Equation Series Expansion

with the Newtonian Iterative Method
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Tab. 3 Comparison of Bruns Ellipsoid Equation at Different Geocentric Latitudes
@ 0 15° 30° 45° 60° 75° 90°
Apy/m 0. 000 6.749 4 20.227 4 26.932 2 20.1709 6.716 7 0. 000
Ap, p/m —5.670 —2.1514 4.4329 6.293 6 —0.0312 —9.8181 —14.4852
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