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Abstract 
 

The Soviet Union conducted a series of Anti-Satellitetests from 1968 until 
1982. The method was to launch an interceptor/killer satellite coplanar with 
the target satellite and maneuver it to within a certain “kill distance” of a target 
satellite and detonate a warhead to destroy the target. The first round saw the 
target Kosmas 248 visited by two interceptors Kosmos 249 and Kosmos 252, 
the second interceptor succeeding in destroying the target. The second round 
followed a similar script. Kosmos 373 was the target satellite. The first 
interceptor Kosmos 374 failed to enter within the kill distance of the targetand 
was deliberately exploded. The second interceptor Kosmos 375, successfully 
entered within the kill distance and exploded on command whereby disabling 
the target satellite. This paper analyses the double fragmentation events of the 
second round. First, the fragments were properly assigned to their respective 
parents. Then the velocity perturbations analyses of the two events were 
carried out separately in the three orthogonal down-range, cross-range and 
radial directions. Fragments from all four exploding interceptors show strong 
sense of directionality. In both rounds, the second interceptor was vertically 
below the target and its fragments were mainly directed upwards. This is 
strong indication that the warhead was directed at the target. However, 
whether the fragments were actually shrapnel from the warhead remains an 
open question. Radar cross-section data of the fragments, if available can help 
address that question.  

 
 
INTRODUCTION 
Between October 1968 and June 1982, the former Soviet Union conducted 20 anti-
satellite (ASAT) tests on 14 different target satellites in orbit [1, 2]. The method was 
to maneuver an interceptor/killer satellite to within a certain “kill distance” of the 
target satellite and detonate a warhead to destroy the target [1, 2]. The kill distance is 
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reckoned to be about one kilometer for conventional explosives [2]. In this “co-
orbital” method, the orbits of the target and interceptor satellites lie in the same plane 
and the perigee of the interceptor is made to coincide with the apogee of the target at 
the same time so that the target is at its slowest point in its orbit [1, 2]. 
 In the first round of the Soviet ASAT experiments, Kosmos 248 (K248) was the 
target satellite. Kosmos 249 (K249), the first interceptor failed to rendezvous with the 
target within the kill distance and was intentionally destroyed by explosion. The 
second interceptor Kosmos 252 (K252) succeeded in its mission and was exploded 
within the kill distance, whereby destroying the target [1, 2]. This triple fragmentation 
event has now been studied by the fragments analyses by Tan, et al. [3]. A technique 
was developed to properly assign each fragment to its true parent [3], following which 
the velocity perturbations studies of the fragments were carried out using the method 
of Badhwar, et al. [4]. 
 The second round of the Soviet ASAT experiments followed a similar script to 
that of the first one. Kosmos 373 (K373) was launched on 20 October 1970 to serve 
as the target satellite. On 23 October 1970, the first interceptor satellite Kosmos 374 
(K374) failed to rendezvous with the target within the kill distance and was 
deliberately exploded. The second interceptor Kosmos 375 (K375), launched on 30 
October 1970 successfully entered within the kill distance and exploded on command 
[1, 2]. Radio transmissions from the target satellite ceased as a result even though no 
physical breakup of the target was reported [2]. The current paper analyses the double 
fragmentation of the K374 and K375 satellites. 
 The fragmentation data on K374 and K375 are readily found in “History of On-
Orbit Satellite Fragmentations” [5] and the “Space-track.org” website [6] and are 
shown on Table I. The orbital elements of the fragments are taken from the latter 
website. A total of 120 fragments from the two explosions cataloged through Day 335 
of 1971 were taken into consideration, out of which only one fragment (U.S. satellite 
number 5515) showing extensive drag effects was disregarded. First, the fragments 
were properly assigned to their true parents by the method of Tan, et al. [3]. Next, the 
velocity perturbations of the fragments were calculated by the technique of Badhwar, 
et al. [4]. 

 
Table I. Fragmentation/Event Data of Satellites K373, K374 and K375 

 
 K373 K374 K375 Reference 
International Designator 1970-087A 1970-089A 1970-091A [5] 
U.S. Satellite Number 4590 4594 4598 [5] 
Launch date 20 Oct 1970 23Oct 1970 30 Oct 1970 [5] 
Dry mass (kg) 1400 1400 1400 [5] 
Dimension (m×m) 1.8×4.2 1.8×4.2 1.8×4.2 [5] 
Event date 30Oct 1970 23 Oct 1970 30 Oct 1970 [5] 
Event altitude (km) 540 1995 535 [5] 
Break-up cause -- Explosion Explosion [1, 2] 
Elements Post-event Pre-event Post-event [5] 
Epoch 70305.806454 70296.405421 70306.811029 [5, 6] 
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Inclination (deg) 62.9200 62.9380 62.8057 [5, 6] 
Eccentricity .0074550 .1039489 .1022289 [5, 6] 
Mean motion (rev/day) 15.18428326 12.82808179 12.87482205 [5, 6] 
Semi-major axis (km) 6888.730 7708.340 7689.673 Calculated 
Period (min) 94.8349 112.2537 111.8462 Calculated 
Apogee height (km) 561.94 2131.47 2097.63 Calculated 
Perigee height (km) 459.23 528.92 525.42 Calculated 

 
 
METHOD OF ANALYSIS 
The Gabbard diagram is one of the earliest tools used to study satellite 
fragmentations. It plots the apogee and perigee heights against the periods of the 
fragments of a satellite breakup. The shape and form of the Gabbard diagram can give 
valuable clues regarding the nature of the parent’s orbit, the fragmentation altitude 
and the fragmentation itself. Gabbard diagrams corresponding to various types of 
parent’s orbits, breakup altitudes and drag effects are discussed in the literature [7]. 
Fig. 1 (upper panel) is a composite Gabbard diagram of 119 fragments belonging to 
the K374 and K375 satellites. The first order of business is to properly assign the 
fragments to their respective parent satellites. This is done by the technique of our 
earlier study [3]. 
 Is was shown that for a satellite fragmenting at its perigee, the apsidal points of its 
fragments lie precisely on two straight lines [3]. The perigee line of the fragments is a 
horizontal straight line in the Gabbard diagram passing through the perigee height 

Poh of the parent satellite. The apogee line of the fragments is a straight line passing 
through the apogee height Aoh  of the parent having an equation [3] 
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where ais the semi major-axis, e the eccentricity, and P the period of the parent’s orbit 
at fragmentation; r is the radial distance of the fragmentation point from the center of 
the Earth; and dvd the down-range component of the velocity perturbation of a 
fragment. The slope of the apogee line is given by [3] 
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Where μ is the gravitational parameter of the Earth. 
 Since K375 was exploded at its perigee, its fragments had their apsidal points 
falling on the two straight lines on the Gabbard diagram. Those were sorted out 
readily to form the Gabbard diagram of the K375 fragments (middle panel of Fig. 1). 
The remaining fragments then constituted the Gabbard diagram for the K374 
fragments (right panel of Fig. 1). Out of the 119 fragments, 62 were thus assigned to 
K375 while the remaining 57 were assigned to K374. It is possible for a K374 
fragment to have apsidal points fall on both of the K375 lines coincidentally, but the 
probability of such happening is certainly small. 
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Fig. 1. Composite Gabbard diagram of the fragments of K374 and K375 (upper 
panel); Gabbard diagrams of fragments of K375 (lower left panel) and K474 
(lower right Panel). 
 
 
RESULTS 
Having properly assigned the fragments to their respective parents, the velocity 
perturbation calculations of all fragments were carried out by the usual procedure [4]. 
In the parent satellite’s frame of reference at the point of fragmentation, the three 
orthogonal components of the velocity perturbations in the down-range, cross-range 
and radial directions are denoted by dvd, dvx and dvr, respectively. Table II 
summarizes the results for the calculated values of the velocity perturbations of the 
fragments belonging to K374 and K375. It shows the maximum, minimum and mean 
values of dvd, dvx and dvr as well as mean values of dv and the fragment counts in the 
positive and negative directions. Out of the 57 K374 fragments, 39 (or 68.4%) were 
ejected in the negative down-range direction; and 38 (66.7%) were ejected in each of 
the negative cross-range and radial directions. This is reflected in the average dvd, dvx 
and dvr values as well. Out of the 62 K375 fragments on the other hand, 45 fragments 
(72.4%) were ejected in the negative down-range direction; 37 (59.7%) were ejected 
in the positive cross-range direction; and 48 (77.4%) were ejected in the positive 
radial (i.e., vertically upward) direction.  

 
Table II. Velocity Perturbations of Fragments of K374 and K375 

 
 K374 K375 
Positive dvd count 18 (31.6%) 17 (27.4%) 
Negative dvd count 39 (68.4%) 45 (72.6%) 
Positive dvx count 19 (33.3%) 37 (59.2%) 
Negative dvx count 38 (66.7%) 25 (40.3%) 
Positive dvr count 19 (33.3%) 48 (77.4%) 
Negative dvr count 38 (66.7%) 14 (22.6%) 
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Maximum dvd (m/s) 141.76 47.04 
Minimum dvd (m/s) -145.59 -140.60 
Mean dvd (m/s) -24.02 -9.04 
Maximum dvx (m/s) 140.21 236.16 
Minimum dvx (m/s) -230.95 -148.73 
Mean dvx (m/s) -23.07 11.25 
Maximumdvr (m/s) 235.18 59.90 
Minimumdvr (m/s) -274.86 -64.89 
Meandvr (m/s) -39.82 16.12 
Mean dv (m/s) 124.82 57.48 
Mean dv2 (m2/s2) 20, 338.97 5, 020.82 

 
 

 Curiously, the mean ejection speed of the K374 fragments (124.82 m/s) was more 
than double that of the K375 fragments (57.48 m/s). This is further displayed in the 
frequency histograms of dv of the two events (Fig. 2). In the first round of the Soviet 
ASAT experiment, the ejection speeds of fragments were nearly the same for both of 
the exploding interceptors (84.18 m/s and 83.96 m/s for K249 and K252 respectively), 
which led the authors to infer that similar types of explosives were used in both of 
those events. In the present case, the great disparity between the ejection speeds is 
quite puzzling. Since the mean specific kinetic energy of dispersion of ½dv2 of the 
fragments is a measure of the intensity of the fragmentation, the K374 fragmentation 
was over four times more intense that the K375 fragmentation [vide Table II]. Was 
K375 intentionally exploded at a lower intensity level? A difficult question indeed. 
Recall that whereas the K252 explosion actually fragmented the target (K248) into 
several pieces, the K375 explosion probably merely disabled the radio transmissions 
from the target [2]. 
 Fig. 3 shows the scatter-plots of the velocity perturbation components of the K375 
fragments in two mutually perpendicular vertical planes: one, containing the 
momentum of the parent, i.e., the orbital plane (left panel); and two, containing the 
orbital angular momentum of the parent (right panel). In general, the velocity 
perturbation components were conspicuously small as displayed by their closeness to 
the origin. However, both plots indicate that most of the fragments generally headed 
in the positive radial or upward direction. Since the interceptor K375 was vertically 
below the target K373, does this indicate that the fragments were deliberately directed 
towards the target? We had actually witnessed such a scenario in the first round of the 
Soviet ASAT experiment, where the interceptor K252 was also below the target K248 
[3] and the fragments spread was mainly upwards. If this were true, then the warheads 
used indeed spread the shrapnel in a certain preferred direction. A more difficult 
question is whether the shrapnel are large enough to have been tracked by radar. 
 Fig. 4 shows the similar scatter-plots of the velocity perturbations components of 
the K374 fragments in two mutually perpendicular vertical planes: one, containing the 
momentum of the parent (left panel); and two, containing the orbital angular 
momentum of the parent (right panel). In this case, the fragment spreads were far 
greater, especially in the radially downward direction. In the orbital plane (Fig. 4, left 
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panel), the majority direction of the fragments was in the downward-negative down-
range direction, at an angle of tan-1.5 = 26.5o from the vertical.  
 One can determine the main direction of the K374 fragments in the orbital plane 
and its orientation relative to K373 as follows. First, the true anomaly of K374 at 
fragmentation is found from the equation of orbit and the fragmentation data [5] to be 
ν = 86.22o. Next, the time of passage from the perigee (ν = 0o) up to the fragmentation 
point (ν = 86.22o) is given by [8] 

 퐼 = − √
( )

+ 푡푎푛 푡푎푛 푃  (3) 

 For K374, P = 112.2547 min. and I = 23.7444 min. Since the orbit of K373 was 
nearly circular, its angular position from apogee is approximately given by θ ≈ 2π/P = 
90.14o (its true anomaly is actually ν = π + θ ≈ 270.14o.) Thus K373 was slightly 
ahead of K374 when the latter fragmented. Fig. 5 is a schematic diagram of the 
fragmentations of K374 and K375, the relative positions of K373 and the majority 
fragment directions. Clearly, the majority of the K374 fragments were not directed at 
the target. Also, the angular difference between the K374 and K375 fragments 
indicates that the interceptor satellites were certainly attitude-controlled. Given the 
fact that they had orbital maneuverable ability, this does not come as a surprise.  

 

 
 

Fig. 2. Frequency distributions of dv of the fragments of K375 (left panel) and 
K374 (right panel). 
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Fig. 3. Scatter-plots of the velocity perturbations components of the K375 
fragments in two mutually perpendicular vertical planes, one containing the 
momentum of the parent (left panel) and two, the orbital angular momentum of 
the parent (right panel).  

 

 
 

Fig. 4. Scatter-plots of the velocity perturbations components of the K374 
fragments in two mutually perpendicular vertical planes, one containing the 
momentum of the parent (left panel) and two, the orbital angular momentum of 
the parent (right panel).  
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Fig. 5. Geometry of the fragmentations of K375 and K375 relative to K373. K375 
was belowK373 at fragmentation. K374 was at a true anomaly of 86o at 
fragmentation when K373 was 3o ahead in its orbit. The arrows indicate the 
directions of the majority of the fragments. 

 
 

SUMMARY AND CONCLUSIONS 
The first two rounds of the Soviet ASAT tests in 1968 and 1970 followed similar 
scripts. In both of these tests, a target satellite was visited by two interceptor/killer 
satellites. In both cases, the first interceptor failed to come within the kill distance of 
the target and was exploded afterwards. In both cases, the second interceptor 
succeeded in its mission and in exploding within the kill distance of the target, either 
destroyed or disabling the latter. Fragments from all four exploding interceptors show 
strong sense of directionality. In both rounds, the second interceptor was vertically 
below the target when exploded and its fragments were directed upwards. This is a 
strong indication that the warhead was directed at the target. However, the question 
that remains is whether the fragments could actually be identified as shrapnel products 
of the warhead, or alternatively, whether the latter were large enough to be tracked as 
fragments. Perhaps, radar cross-sections data of the fragments, if available, can help 
address that question. 
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