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Overview of the Project

Total nanosatellites and CubeSats launched www.nanosals.eu

2200 | 2138
2100 =e=Nanosafs launched incl. launch failures
2000| | T CubeSats launched incl. launch failures

_ CubeSats deployed after reaching orbit
1900 Nanosats with propulsion modules
1800 | CubeSats launched in total units
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Key Features:
wCompactness

oLimited Powe

Running total of satellites

olLow cost

Increasingdemand ofpropulsionsystems foIcCubeSats
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Overview of the Project

Fourmaintasksdrovethe CHIPS project steps:

w Propulsion System Specification and Desig

w Propulsion Systema MAI J
w Propulsion System Testing

J

)
w Further Development and Roddapping

J
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APropulsion System Specification and Design

A
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Flight ModelRequirements

Parameter Requirement

CHIPS Reqguirements

Engineering ModdRequirements
Propellant HTP 98% wt. Propellant HTP 98% wit.
Specific Impulse A160 s Specific Impulse A160 s
Power Consumption O 5 W Power Consumption O 5 W
Thrust O 0.5 |N Thrust O 0.5 |N
Minimum Impulse Bit O 25 mN s Minimum Impulse Bit O 25 mN s
Propellant Volume O 0.3 dm Propellant Volume waived
MEOP O 24 bar MEOP O 24 bar
Dry mass O 1.2 kg ‘ Dry mass waived
Volume Envelope O 2U Volume Envelope waived
Material HTP compatibility Grade | and Il Material HTP compatibility Grade | and Il
Lifetime O 3 yrls Lifetime O 3 yrls
Propellant Ma_nagement Blow down Propellant Marlagement Blow down
Operation Operation
Target Project TRL O 3 Target Project TRL o 3
Overall Price O 50 Kkl Overall Price O 50 Kkl
21/03/2023
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CHIPS Flight Model Layout:

LEGEND

Tank ——— Designeddy UniPi

Fill & Drain /
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Catalyst bed and Designedand developedby
Thruster UniPi
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CHIPS Engineering Model Layout:

FM1
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CHIPS Engineering Model Layout:
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CHIPS Engineering Model Layout:
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CHIPS Thruster Design:

1 N Monopropellant Thruster

. . Maximum Thrust 05N
z Nozzle Expansion Ratio 70
g 08 . Decomposition Chamber Pressure @ BOL 18 bar
Ny
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CHIPS Innovative Tank Design:

Tank Shell Material

: Yielding U|t|m§te Young HTP
: Density Tensile s
Material [a/om?] Stress ,, Strength Modulus Compatibility
[MPa] [MPa] [GPa] Class
316 SSL 7.9 280 570 200 1/2
Ti6AI4V 4.43 880 950 113.8 4
AlSil0Mg 2.68 200 370 75 1/2
Al5254 H34 2.66 230 290 70.3 1
Al7050 2.8 455 515 70 4
Tank Shape
Sphere Cylinder Cube
Volume [dm?3] 0.463 0.724 0.922
% of Total Volume 50.2 78.5 100
Worst Best

21/03/2023
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CHIPS Innovative Tank Design:

Cylindrical Flat Heads Cylindrical Ellipsoidal

Reinforced Heads Cuboidal Tank Reinforced

Al 5254 H34 Al 5254 H34 Al 5254 H34

Internal Volume [l]

Propellant Volume [l] 0.45
Propellant Mass [g] 629
Tank Dry Mass [g] 255
[I;r]opulsion System Dry Mass 555
Tankage Fraction 0.41
1U Volume Fraction 0.68
Total Impulse [Ns] 740
30 for 3U CubeSat [m/s] 250

Worst meeeessssssssssss———) Best
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CHIPS Innovative Tank Design:

Parameter (unit) Tank in Ti6AlI4V Tank in Al 5254 H34
Dry Mass [k(] 0.69 0.59
Propellant Volume [dm3] 0.58 0.51
30 for 3U CubeSat [m/s] (I5,=150 s) 278 255
Total Impulse [N*s] (I;,=150 s) 963 840
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The COTS bacip tank
did not satisfyimportant
FMrequirementsasthe
dry mass an@nvelope

Parameter

Maximum Operating Pressure

CHIPS Main Tank and Back -up Tank:

Main Tank

Back-up Tank

24 bar 150/210 bar
Internal Nominal Volume 0.7 liter 0.35 liter
Tank Mass 0.6 kg 2.6 kg
Tank Envelope 1U >1.5U
Operating Temperature -40/+150 °C -40/+150 °C
Compression Ratio Max 1:4 Max1:6
Material of the Body Al 5254 H34 Stainless Steel AISI 316L
Supports/Valves Material Al 5254 H34 Stainless Steel AISI 316L
Membrane Material FKM FPM

21/03/2023
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Switch Main Tank and Back -up Tank

The ideasto maintainthe sameplate
andpropulsionsystem assembly
amongthe two configurations

M18 threadedconnection to EPE
accumulator

<

DI P1sa
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CHIPS COTS Tank and Plate Integration:

> Theupperplate
connectedto
the tankallowed
to obtaina
configuration
closerto the
one of the FM

|

Reductionof the
differencesbetween
the propulsionsystem

EM and FM
configurations
\\%\ UNIVERSITA §'
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CHIPS Configuration

Line Total Valves Total Total Dry Total Delivery
Length (mm) Pressure Drop  Mass (kg) Envelope (U) Time
(bar) (weeks)
Manifold 120 0.006 1.05 1.75 <12
Configuration
Stand-Off 206 0.18 0.8 15 <6
Configuration
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CHIPS FM Specification and Performance:

Parameter
Propellant

Specification
98% wt. H202

Catalyst Pt JAIPO3 pellets
Operational mode Blowdown mode
C ‘ Tank MEOP @BOL 22 bar
Combustion Chamber MEOP @BOL 18 bar
Blowdown ratio 4:1
Specific impulse 160 s
Characteristic Velocity 909 m/s
Characteristic velocity efficiency >0.9
Thrust Coefficient efficiency >0.9
Maneuver Value CHIPS case .Noz_zle expansion rati(?_ 70
Orbit change Adiabatic HTP decomposition 1200 K
About 510-610 km of femperature
. 0.5-0.6 m/s per kmin . . Propellant density 1.4 kg/m?3
Altitude change altitude change using all -
LEO . Nozzle type Conical
the available propellant Throst S EN(@BOL) - 0.125 N (GEOL
About 2.27° of plane m rus - '2 /(@ )-0. ’ (@EOL)
Plane change 135 m/s per degree change using all the Prope ant mass flow rate 0.32 g/s (@BOL) -0.08 g/s (QECL)
available propellant Propuls!on system total dry mass 0.9 kg
Orbit control PeropuIsllo_n system total (Ianvelope 15U
Drag ropulsion system.tota power 5W
; consumption
compensation Guarantees 3-1 years of
0.1-0.4 km/s/yr . Propellant mass 0.710 kg
@ 300 km drag compensation = o
altitude Expulsion Efficiency >0.9
Drag Tank Internal Volume 0.68 dm?3
com - Guarantees at least 3 Tank Propellant Volume 0.51 dm3
pensation 4.4-25.8 m/slyr ears of dra
@ 500 km Sreo- S Misy y ad
altitude compensation
\\\@&E— esa UNIVERSITA
CubeSAT HTP Innovative =
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CHIPS EM Configuration

Part Engineering Model

Tank AMO0,35V150XM18/1,5VX-
0 EPE Iltaliana

Propellant Fill

and Drain Valve |AG Series Gems Sensor

Gas Fill and

Drain Valve AG Series Gems Sensor

Pressure Transducers

Tank Gas Side Kulite ETL/T-500-375M
Tank Prop. Side [Kulite ETM-500-375M
Feeding Line Kulite ETM-500-375M
Thrust Chamber [Kulite XTEL 190 M
Temperature Sensors

Tank Gas Side ETL/T-500-375M

Tank Surface TCF-A-J-3000 Tersid

Feeding Line Bronkhorst M13
Firing Valve MTS-40053-K-150-3000
Surface Tersid

MTS-40053-K-150-3000
Thruster Surface [Tersid
MTS-40103-K-150-3000
Thrust Chamber [Tersid

Purging Valve |AG Series Gems Sensor
Draining Valve |AG Series Gems Sensor
Isolation Valve [MBV-1010 Beswick
In-line Valve Lee EP Solenoid Valve
Firing Valve Lee EP Solenoid Valve
Thr CHIPS Thruster

CubeSAT HTP Innovative
Propulsion System
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CHIPS By -Pass:

Allthe CHIPSomponentsdownstream —
the thruster havean operating

temperaturethat shallnot exceed60°C A copperby-passis introducedto
__ reduce thethermalload on the

Thefiring valveis the component more firing valve andmaintainits

subjectto temperatureincrementsdue temperture belowthe limit

to the heatingfrom the thruster

I

=
7

ol

g
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A

APropulsion Systema MAI

A
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Task 2: Processes/Manufacturing

Part Manufacturer Machining
Thruster assembly | OMS-Precision 1 Milling
Machining ¢ Tuming
1 Drilling
Back-up tank Brusa s.r.l 1 Milling
assembly and :
support fittings v tuming Processes used for the
1 Drilling manufacturingof all the CHIPS
1 Laser cutting EMcomponents
Thrust Balance Brusa s.r.| 1 Milling
Interface :
Components 1 Tuming
1 Drilling
1 Laser cutting
1 Welding
SW-1, T8-20, T8-21 | Swagelok 17 COTS
Back-up tank EPE Italiana 7 COTS
does
CubeSAT HTP Innovative &&‘_
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Task 2: Processes/Manufacturing

10,92

Welding

@7
@5,8
\

0,5

1

0,5

Weldingto the

Cutting of the threaded side E—) catalytiched made by
Mira Lasess.r.l

made byBrusas.r.|
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Task 2: Processes/Manufacturing

|

% 77 ThreadedM5 hole to be madeon the NPT

Z //‘AW threaded side of the component to
"Sos.. (7 7 allocate a pressuretransducer made by
\

Brusas.r.l
” |
) e
18,00

Threaded M10 hole compliant with 1SO
7320to be madeon the NPTthreadedside
of the componentto allocate a pressure
transducemade by Brusas.r.|
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Task 2: Processes/Manufacturing

ONEOIN'
T Bearing outer profile . .
; Q Block vith bearings Two in-plane bendings of
? 135> with respect to
2 g centralbody axis

| —_——
2

Fully supported against side load close to valve,
Both ends

Welding of two 1/8d tubes

5 % : to the thruster to allocatea
- |l | thermocouple and a
pressuretransducer

CubeSAT HTP Innovative
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Task 2: Processes/Cleaning Procedure

The main contaminants that can be present during the CHIPS MAI
are:

T Human sources
i Processes

M Other sources

Mechanical cleaning:
o Dry wiping
o Wet wiping
o Grinding, brushing and blasting
Solvent cleaning:
o Solvent cleaning: washing, dipping, spraying, vapor cleaning and ultrasonic cleaning.
o Detergent cleaning or soap cleaning
o Chemical or electrochemical cleaning: acids, alkalines and salts

Film strapping

Gas jet cleaning

IS
CubeSAT HTP Innovative \\\\&\ es
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Task 2: Processes/Passivation

Steps followed for the passivation

1. Degreasing of the metallic components to remove oil and grease films (10%
solution of orthophosphoric acid is recommended to be used for at least 2
hours)

Cleaning of the surfaces with deionized water

Passivating with nitric acid (5% solution) to form an oxide film (1 hour)
Cleaning of the surfaces with deionized water

Passivating with hydrogen peroxide (30% wt., 1 hour)

Cleaning of the surfaces with deionized water

N o a0 bk w D

Testing with dilute hydrogen peroxide to ensure successful treatment (e.g. 30%
wt.)

8. Bathing with deionized water and keeping it clean (storing in a clean
environment) e

21/03/2023 CubeSAT HTP Innovative
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Task 2: Assembly

Four Macro Steps

{Inspection; Cleanirﬂg; €heck; Final Assem]>ly
R —
o
Reference system
: o T
5 e
: z
(:) = .
: Z -5
u i Y, s
N
L.m \K\\\k&k\\‘a
' i \\\K* UNIVERSITA
CubeSAT HTP Innovative X\\ esa pIPISA

21/03/2023 Propulsion System




Task 2: Assembly

Subassembly of the components
in the clean room:

1. Taping of the connectors with Teflon

2. Subassembly of the solenoid valve

3. Subassembly of the plate

4. First assembly inside the 3U structure

CubeSAT HTP Innovative
Propulsion System
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Task 2: Assembly

Final assembly

Final sukassembly with — :
(with team
the tank picture)

\R\&_ e —
\\\&\&-ﬁ: e S UNIVERSITA (3R
&‘f‘? DI P1sa
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Task 2: Integration

A Thrust Balance and all the sensor fully
integrated in the vacuum chamber

A Reduction of spurious forces

A Vacuumchamberadaptedfor
chemicalpropulsion

A New vacuum pump

CubeSAT HTP Innovative
Propulsion System
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APropulsion System Testing

A
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Test Plan

Atmospheric
Tests

Overall System
Tests

TEST-VAC-01

Vacuum Tests Component Level Tests

A ATMtestswere performedat University of Pisa facilities

A VACestswere performedat ESTEC SPF Facility

CubeSAT HTP Innovative
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CHIPS Test Campaign

Test ID CHIPS Test

N TESTATM-01 TankLeakagélest
TESFATM-02 TankProofPressurelest

Group | _
TESFATM-03 TankPressureCyclinglest
3 TESTATM-04 TankBurstPressurelest
TESFIATM-05-01 PropulsionSystemAssemblyFlow Test
Cl(e]IloNIIN TESIATIM-05-02 30%H,0, Fillingand Draining(passivation)
TESFIATM-05-03 98% H, 0O, Fillingand Draining(dry run)
Group m TESFATM-05-04 PropulsionSystemHot FiringTestsin Atmosphere
TESIVACGO1 PropulsionSystemHot FiringTestin Vacuum
TestSequence
e Group Il E—— Group Il
\@}%\i UNIVERSITA 3 "?ﬁ'
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Test Objective -Group |

TESTATM-01
TankLeakagélest

LU BY TANKINT-02

verification

Description BOLpressureof 22 bar. Thenthe pressureis trackedin time by the pressuresensors Theleak
rate will be measuredbasedon the variation of the pressure Duringthe test, the interfaces
with gasare wetted by a soapsolutionto seeif there is any formation of bubblesto seeif
there isanyevidentgasleakage

Atmosphere
Facility. Universityof Pisa

Sl dicliERR The pressurelevel after 24 hours shallbe at a level compatiblewith leakagerate of 10 sccs
for eachtank interface

TESTATM-02
TankProofPressure

LI e D) TANKFUNO4
verification

Description Theobjectiveof the testisto evaluatethe proof pressureof the designedoressurevessel The
pressureis setat 24*1.25 bar (36 bar in the caseof EPEL tank). Thepressureinsidethe tank
will be maintainedat this levelfor at least5 minutes

Atmosphere
Facility. Universityof Pisa

ST eSS ERE Thetank shallnot presentanyvisibledeformationneither structuralruptures
CubeSAT HTP Innovative &&‘ esa
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Test Objective -Group |

TESTTM 03
TankPressureCycling

SELTENERIENIDE TANKFUNO4, TANKOPEOL, TANKOPEO2

verification

Description The objective of the test is to evaluate the resistanceof the designedpressurevesselto
pressurecycles 50 cyclesof pressurizationand depressurizatiorbetween the two limiting
valuesof pressureof 22 bar (BOL)and 8 bar. Theintegrity of the tank will be assessety visual
inspection

Atmosphere
Facility. Universityof Pisa

Sl ee=SSilaflEER Thetank shallnot presentany plasticdeformationneither structuralruptures
Testld: TESIATM-04

TankBurstPressure

SEL VI 8N Is) TANKFUNO4
verification

Description The objective of the test is to evaluatethe structural behaviorof the designedtank at the
burst pressure) Theburst pressureevelis setat 24* 1.5 bar. Theburst pressureevelinsidethe
tank will be maintainedfor at least 30 seconds The integrity of the tank will be assessedby
visualinspectionandtomographicanalysis

Atmosphere
Unerstorpisa

ST =SSN ERY Thetank shallnot presentanystructuralruptures

\&\\\\\\;} UNIVERSITA 5 .;";‘1:? \
@sesSa i
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Group | Tests on EPE Tank

The COTS tanksedwasalreadytested by
the supplier andt did not needto pass

throughthe qualificationprocesdoreseen
for the CHIPS tank.

However the tanktestswere performedto
check the status of the COTS tank and the
applicabilityof the proposedprocedures

=J

ok
o
TestPerformed -
TESIATMO1 (leakage) N -
TESFATMO02/04 (proof at 36 bar) (Fnﬁfiinm
TESTATMO03 (cycling) NVL | Vessel) o
1/03/2023 CubeSAT HTP Innovative &&5 esa
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Test Objective -Group Il

resonioso:

PropulsionSystemAssemblyFlow Test

Description Theobjectivesof thisactivity are:

1  Verifythe test benchassemblygcleanlinessand calibration

1  Verifythe valvesandfittings flow characteristics
1  Verify the capability of propulsion system components to withstand a cycle of pressurization.

depressurizatiormnddrainingwith water

TESTATM-0502
30%H,0, Fillingand Draining(passivation)

Description Theobjectivesare:

1  Passivation of all the components made in 316 SS (the passivation for all the components will be
out at this step at overall system level).

1  Performance of a complete filling, pressurizing;ptessurizing and draining sequence with 30% H202

for the overall system.

Verification that the pressure buldp is acceptable (< 2bar).

TESEIMO503
98%H,0, Fillingand Draining(dry run).

Description Theobjectivesare:

1  Performance of a complete filling, pressurizingspessurizing and draining sequence with 98% H202
for the overall system.
1  Verification that the pressure buidp is acceptable (< 2 bar).

w\&_\- NIVERSITA y i
&&\\Qgesa v DI PISA 7\
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Test Objective -Group Il

Testld:  |TESTATM-05-04
AtmosphericHot FiringTest

Description The objectives are:

1  Verification of the CHIPS propulsive capabilities.
1 Verification of the functional requirements of the CHIPS thruster.

The test consists to measure in time:

The propellant angbressurantemperature (Y ).
The propellant anghressurantpressurefy ).
The mass flow ratei().

The decomposition chamber pressurg)

The decomposition chamber temperaturér)

The thrust (Q

Succesfultriteria The successful criteria are:
A The requirements on the CHIPS propulsive performance are satisfied.

A The requirements on the CHIPS thruster function are satisfied

= = =2 =4 =4 =4

A The systenwill be testedin both pulsemode and steady state mode

\\\U\k‘ UNIVERSITA -'»“v )
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Test Objective -Group Il

Testld: TESIVACO1
VacuumHot FiringTest

Description The objectives are:

1  Verification of the CHIPS propulsive capabilities.
1 Verification of the functional requirements of the CHIPS thruster.

The test consists to measure in time:

The propellant angiressurantemperature (Y ).
The propellant anghressurantpressurey ).
The mass flow rate().

The decomposition chamber pressurg X

The decomposition chamber temperaturér)

1 The thrust Q

ST[el=15 (B (WA (=I{ 8 The successful criteria are:

= =4 =2 =4 =

wetKS NBIdzZANBYSyi 2y GUKS /1 Lt{ LINE® LMz ¢

Q)¢

Wt KS NBIdZANBYSyida 2y GKS /1 Lt{ KNYXzaG:
A The systenwill be testedin both pulsemode and steady state mode

\\ K\U\k UNIVERSITA
CubeSAT HTP Innovative §\‘ esa DI P1sa

21/03/2023 Propulsion System




Test Matrix

Repeat the following process for four times (all the pulses will have a period of the cycle
s and a ¢, as specified in the list below, thg; will be adjusted as consequence):

First cold start and firing for 80 s

Hot start and firing in pulse mode with t25msfor 80 times
Hot start and firing in pulse mode with £50msfor 80 times
Hot start and firing in pulse mode witp £100msfor 80 times
Hot start and firing in pulse mode witp £200msfor 80 times
Hot start and firing in pulse mode witp £300msfor 80 times
Hot start and firing in pulse mode witp £400msfor 20 times
Hot start and firing in pulse mode with £500msfor 20 times
Hot start and firing in pulse mode witph £600msfor 20 times
Hot start and firing in pulse mode witp t700msfor 20 times
Hot start and firing in pulse mode witp £800msfor 20 times
Hot start and firing in pulse mode witp,£900msfor 20 times

(enti et et enHEN enHEN en-EN an-E an-EN anHE et et anH

A Wait until catalytic bed temperature decreases to the value required by cold start
A Repeat cold starts and firing for 1 s until 100 cold restarts are reached
A Final continuative firing will be performed until emptying of the tank (for at least 2000

CubeSAT HTP Innovative \&\&" esa

Propulsion System
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CHIPS Thrust Balance:

The CHIP&esigneahrust balanceis
capableto house arwhole 3U CubeSatsn
whichare mountedthe propulsionsystem
andall the other requiredcomponents

Thethrust balanceallowsto measurethe
thrust of the propulsionsystem with a
precisionof somemN andis designedo
rigidly transmit externalexcitationsto the
load cellinsertedbetweenthe 3Ustructure
and thebeam

21/03/2023 CubeSAT HTP Innovative
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Thrust Balance Static Calibration

Thrust Balance Static Calibration

5 T T T T T T T T
45 -
Voltage [V] Weight [N] Mass [kg] * Data
4l Calibration Curve |
5,47 0,762032 0,0776 ----95.4% Confidence Level
5,76 1,010478 0,1029 a5l |
5,936 1,235356 0,1258 '
6,21 1,513262 0,1541 Z 3l i
6,453 1,744032 0,1776 9
6,6687 1,98855 0,2025 S 25+ _
6,688 1,990514 0,2027
6,917 2,216374 0,2257 2r .
7,147 2,462856 0,2508
7,421 2,752546 0,2803 1.5¢ 7
7,6648 3,00001 0,3055
9,056 4,45337 0,4535 tr [ I
05 1 | 1 | 1 1 | 1
5 55 6 6.5 7 7.5 8 8.5 9 9.5
Voltage [Volt]
Thrust Balance Features Value
Calibrated Full-Scale (FS) 4,453 N
Standard Dgviatl|i o®014R
Accuracy (95.4% Confidence Level) 0.6% FS
\U\\L -
\\\\ esa UNIVERSITA SE¥AY.
DI P1sa >
CubeSAT HTP Innovative \X
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Propulsive Performance Characterization

THRUST ROUGHNESS
&
THRUST RISE TME

FSS

90%Fy

F Pulse ~

tRJSE

PULSE THRUST REPEATABILITY

o\

21/03/2023

Measured Physical Measured Propulsive

Quantities Parameters

F
MIB = f"F (t)at

F(t
() oo
m( t) I sp m_g Y lsp Ié:)heo)
Pe (t) = C
C. = Yhe =+
pc Ah - c:(F *0
_R c
c r'r?h YA, o=

1B
IMPULSE BIT REPEATABILITY
s S 20,5
- | T t &\&R&E . X /‘:1
\\&}; UNIVERSITA 5 (3%
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Group Il: TEST -ATM-05-04 Setup

Component Description

Catalyst SD99- Pt/UAILO, 0.4 mm
Catalytic Bed 2.8 mm diameter

Nozzle Area ratio 70

Propellant H,O, 98.0% wt.

Tank EPE-0.35 liters (total volume)

repetition  start

Continuous | 80000 N/A 2 Cold
Continuous | 10000 N/A 1 Hot
Pulse 25 1000 2x80 Hot
Pulse 50 1000 1x80 Hot
Pulse 100 1000 1x80 Hot
Pulse 200 1000 1x80 Hot
Pulse 300 1000 1x80 Hot
Pulse 400 1000 1x20 Hot
Pulse 500 1000 1x20 Hot
Pulse 600 1000 1x20 Hot
Pulse 700 1000 1x20 Hot
Pulse 800 1000 2x20 Hot
Pulse 900 1000 2x20 Hot

The total throughput was about 0.1 kg

\\\@g—i UNIVERSITA ‘
CubeSAT HTP Innovative &&gesa DIPIsA 2\

Propulsion System

21/03/2023




Group II: TEST -ATM-05-04 Main Achievements

Parameter Value Verified Req. Threshold Value
F (N) 0.3(s.l.) | PROP-FUN-02/THRU-FUN-03 ¢ 0.5
Isp (s) 90 (s.1.) PROP-FUN-04 160
Rise-time (ms) <100 PROP-FUN-09 150
Thrust Roughness <50% PROP-FUN-14 °5% at 2s
h.. (c*-efficiency) 0.9 PROP-FUN-11 0.9

A During the first 80 s continuous firing an instability has been detected only in the firs
of the firing by the pressure sensors and the load cell.

A Its frequency ranges roughly from 80 Hz to 100 Hz.

A This instability disappeared in all the other tests performed in this atmospheric cam
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Group II: TEST -ATM-05-04 Main Achievements

Parameter Value Verified Req. Threshold Value
F (N) 0.3 (s.l) PROP-FUN-02/THRU-FUN-03 ¢ 0.5
Isp (s) 80 (s.1.) PROP-FUN-04 160
Rise-time (ms) <100 PROP-FUN-09 150
Thrust Roughness <3.5% PROP-FUN-14 °5% at 2s
h.. (c*-efficiency) 0.9 PROP-FUN-11 0.9

Allthe requirementswere satisfiedexceptfor the Specifidmpulse due to theatmospheric
exit conditions(10 sfiring). Theinstabilitywasnot present
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