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ABSTRACT

This research project describes a technical study on the viability of dedicated rocket
technology for placing small payloads (m < 10 kg) into Earth’s orbit. The DORSP Project
targets a specific niche of orbital payloads that has not been fully explored — the idea is to
use DORSPs to place nano- and pico-satellites such as the University of Hawaii’s
“CubeSat” in orbit within a competitive budget. In order to accomplish this, a DORSP
launch has to range in cost from $120K to $300K. Moreover, DORSP orbital and attitude
success rates must be equivalent to competitive technologies such as the Delta II rockets.
The rocket technology under study will be designed to deliver a 10 kg payload in 400-
600 km altitude, sun-synchronous orbits. This range of application is an intermediate
niche between Sounding rockets (which deliver payloads to high altitudes but do not
carry enough fuel to reach escape velocity) and Orbital Rockets such as Boeing's Delta
series (which are very large rockets that can place payloads of the order of metric tons
into orbit). The emphasis of this research is the study of alternative mission strategies for
DORSP technology.

INTRODUCTION

Rockets are applied in several different flight regimes that include earth escape,
near space environment {(earth orbit), and flight within the atmosphere (such as missiles).
Rocket science and jet propulsion technologies are crucial elements to build a modern
space industry, particularly with the increased interest in small payloads that surged in the
past few years. This is evident from the current interest that the industry is paying to
nano- and pico-satellite development. If these small payloads prove to be effective and
successful, the technology for the current large-scale rockets used to boost ton-size
payloads into earth’s orbit will shift towards smaller-scale, mission-oriented rockets. A
new technological niche for boosting nano- and pico-satellites will therefore present
itself. The emphasis of this research is to study the viability of rocket technology for
putting nano- and pico-satellites in orbit.

In order for the payload to reach Earth’s orbit, it must be launched to an elevation
beyond most of Earth’s atmosphere and accelerated to orbital velocity. Reaching escape
velocity within the atmosphere is not only extremely difficult, but it also restricts the
operational life of the satellite because of the atmospheric drag that tends to reduce the
satellite’s speed below orbital velocities. A low inclination orbit is the most energy
efficient orbit because it requires the least amount of propellant. To achieve such an
orbit, the payload has to be launched in an eastward direction from a site near to the
equator. Equatorial velocities contribute a few percent to the payload’s final orbital
speed, which in turn implies lesser amounts of rocket fuel. A balance must be reached




because most missions are more easily accomplished by high inclination, sun-
synchronous orbits. Sun synchronous orbits have an inclination of 90 degrees and have
an orbital plane that proceeds with the same period as Earth’s orbit period. These orbits
are practical for satellites because as the Earth rotates, the satellite has access to virtually
every point on the Earth's surface.

For the payload to go about the Earth’s orbit, it must break free from the pull o
gravity of the Earth. To break free from the pull of gravity, the vehicle would have to be
moving at a velocity that can overcome the centripetal gravitational acceleration. Once
this condition is met, we can say that the payload has reached escape velocity. The
escape velocity of Earth’s surface is 11.81 km/sec.

In this study, a new rocket technology will be designed specifically for 10 kg
payloads. The rocket will be between the capabilities of the Delta II rocket and tha
Sounding rocket [1,2]. Delta II rockets are currently used to launch commercial satellites
in the 1 to 2 metric-ton class. These rockets are not ideal for small payloads because of
their large capability and required technology to place such payloads in space. Sounding
rockets are used for atmospheric experiments by taking measurements while in space
Although Sounding rockets are capable of carrying small payloads to orbit-like altitude
they do not have enough energy to place the payload in orbit. Therefore, a Dedicated
Orbital Rocket for Small Payloads (DORSP) presents itself as an alternative for efficien
delivery of a 10 kg payload in a Sun-synchronous orbit.

Another aspect for the design for DORSP is a competitive budget for the mission
The targeted budget for a DORSP launch should be within the range of $120K to $300K.
Recently, the CubeSat Launch Company (CLC) has been acting as a contractor or
intermediate for launching CubeSat’s. They charge a fixed fee of $35K for 1-kg
CubeSat, which includes P-POD deployer, integration and test, export license, developer
coordination, and labor cost. CLC has several rocket vehicles selected to launch small
payloads. The following table shows a comparison of prices between the various rocket

vehicles that CLC has chosen.
Table 1: Comparison of prices between the various rocket vehicles chosen by CLC [7].

Rocket Vehicle Agency Cost Minimum Payload
Dnepr ISC Kosmotras $12K/kg 16 kg

Eurocket Krunichev State $10K/kg to $15K/kg | 20 or 30 kg
Research and
Production Center

Delta II Boeing Expendable [ $10K/kg 35 kg
Launch Systems

Shtil Makeyev Design $25K/kg Up to 70 kg
Bureau

Volna Makeyev Design $8-9K/kg Up to 200 Kg
Bureau

In order to find its niche in the market, DORSPs must be able to be launched within

$300 K budget.
The development of DORSPs needs to address a variety of issues includin
determining the number of stages needed to bring the payload into orbital motion,







