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Conteudo

> Sistema de Medidas:;

» Plano de Medidas;

» Sistema de Controle e Comando;
» Sistema de Aquisicao de Dados; e
» Sistema de Tratamento de Dados.

» Recebimento do Propulsor;
» [nstalacao;
» Execucao;
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Parte |
Sistema de Medidas

21/05/2007 CCDATS Team / BTSA Slide 3



Plano de Medidas
-~ Definicoes
» Desighacao

temperatura da camara de vacuo, pressao do tanque de
combustivel, empuxo do motor, ...

> Nome da Medida

TVCE, PEEEE; .
> Tipo de Sensor
Tipo K, R250¢c, FN711, ...

» Unidades

celsius, bar, newton, ...

» Faixa de Medida

0a 247 °C, 0 a 60 bar, ...
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TEST BENCH INPE-CACHOEIRA PAULISTA

Date: 15 dez. 2006

T b e LR HIB2Z00N-25

[Wersion: 01

Motor de Niobio H4~= Test

easurement definition SCOPIX BCI INTOUCH
Cable Full Range | [Monitoring limis] /
Measure Name | Sensor Type Unit Range Label Address | Gain |Offset| Scanrate | GAIN Sensor Comments Cable
o ] TLe
od 1 11
o3 ] €12
A § 3 Cl3
gyR 4 14
, o 5 15
i 3 CL 6
[T 7 17
[}] [w]
1 21
= 2 2 2
F 3 a3
e 4 24
ﬁ 5 25
[ 2 6
7 27
oy 8 JCombustion Chamber Temperature 1 TCel T1 TYPE_ K celsius B to 96B THE1 [=N] 258 a 188 258 48 my
L] 1 JCombustion Chamber Temperature 2 TCc2 T2 TYPE_K celsius B to 968 THE2 3 1 258 [:] 168 258 48 mv [< 900] Temperature #2 TEOZ R
ﬁ Q 2 |Combustion Chamber Temperature 3 TCc3 T3 TYPE_K celsius B to 0GB TKE3 3 2 258 [:] 168 258 48 mv
iy 3 3 |Combustion Chamber Temperature 4 TCcd T4 TYPE_K celsius B to DGB THEd 3 3 238 [:] 168 258 A48 mV
H E 4 |Divergent Temperature 1 TD1 T3 TYPE_K celsius B to 968 THES 3 4 258 [:] 168 258 48 mV
.- 5 |Divergent Temperature 2 D2 Th TYPE_K celsius B to 968 TKBE G5 258 L] 168 258 A48 my
- € |Divergent Temperature 3 TD3 T7 TYPE_K celsius 8 to 0GB THET 3 6 238 a 168 258 48 mV
J 7 |Divergent Temperature 4 T4 T8 TYPE_K celsius B to D6E TKEE 3.7 238 [:] 168 258 48 mV
o™ B JSensor Temperature 5 TYPE_K celsius B to 247 THED [ ] 1688 [:] 168 1668 18 mv
f:‘ -] 1 Wacuum Chamber Temperature TWC TYPE K celsius 8 to 247 TKLB 41 1868 a 168 1688 18 mV [< 150] Vac.Chamb.Temp. TWC R
1 e 2 |Oxidizer Inlet Temperature TID TYPE_K celsius B to 247 TKL1 o4 2 1868 a 168 1668 18 mV
m R 3 [Fuel Inket Temperature TIF TYPE_K celsius B to 247 TKL2 o4 3 1888 [:] 168 1088 18 mV
a2 4 |Oxidizer Line Temperature TLO TTE162 TYPE_K celsius B to 247 TTEL1E2 4.4 1888 ] 168 1888 18 my
g =]
= ; 5 |Fuel Line Temperature TLF TTE262 TYPE_K celsius B to 247 TTE282 45 1868 [:] 188 1888 18 mV
- 6 JOxidizer Tank Temperature 1T TTE181 TYPE_K celsius B to 247 TTE181 4 6 1868 a 168 1868 18 my TTOI0L R
o C
W = 7 |Fuel Tank Temperature TTF TTE261 TYPE_K celsius B to 247 TTE281 o7 1866 [:] 168 1668 18 mV TT 0201 R-TTO30LR
N B JOxidizer Line Pressure PLO PTE181 PDCRO6]_2 bar 8 to 25 PTE181 [sN:] 6.1 [:] 1868 188 188 my FTOI0IR
P~
Q' - 1 |Fuel Line Pressure PLF PTE281 PDORS61_3 bar B to 25 PTE2E1 5 1 8.1 a 1868 188 188 mV PT 201 R {jump PTO301)
: Qo 2 |Oxidizer Flow Control Device Current o SHUNT ampere -2 to +2 1 5 2 8.1 a 1868 188 168 mV
iy 3 3 |Fuel Flow Control Device Current IDF SHUMT ampere -2 to +2 iz 3 8.1 a 1868 e 168 mv
g E 4 Joxidizer Inket Pressure PID PG4 197 bar B to 38 561 4 0.8 a 1868 bR 12,5 mV
, ;o 3_|Fuel Inlet Pressure PIF PGA_2BE bar 0 to 38 562 53 [:N:] 2] 1868 bR 12,3 mV
wc & |Engine Thrust FE FNT11 newton -338 to 3% 564 6 [N 2] 1868 bR 12,5 mV
u R T |Combustion Chamber Pressure 1 PCcl PE_585 bar 0 to 108 503 o5 7 B.B a 1868 EBO 12.5 mv Thruster Pressure #1 PC1 R
mg B [Wacuum Chamber Pressure 1 PCwl PT4881 TPR258 mhar B.86B85 to 1BBB PT4B814 [ 1 [:] 168 1 18 v PT 4001 R
v
N2 1 Powd Fr4ead LMRIED mbar £-85te- 10D PRaBa4A [ 1 [] 108 1 -y SBrrbard FraooaF
@2 2 |Oxidizer Tank Pressure PTO PT1162 R238a bar B to 60 WR1 C6_2 1 2] 168 1 eV
L]
e § 3 |Fuel Tank Pressure PTF PT1282 R258b bar B to 60 WR2 6 3 1 a 188 1 18 v
H 4 °6_4
r~
-] 5 06 5
|.I.i 'S 6 JOxidizer Flow Control Device Yoltage VDD DIV IDER wolt -35 to +35 1 06 6 1 a 168 B 1.25 W
o w 7 |Fuel Flow Control Device Voltage VDF DIVIDER wolt -33 to +33 iz 6.7 1 8 168 B 1.23 ¥
[ B JOxidizer Line Wolumetric Flow 1L 0oL oTe1el KDGTeE13 2 m3/s 16 to 168 OTe1el [w] - 1868 - -
ﬁ E‘ 1 |Oxidizer Line Wolumetric Flow 2 0oz qre1ez KDGTBE13 4 an3Ss 16 to 168 OTa1e2 o7 1 - - 1668 - -
=g E 2 JFuel Line Volumetric Flow 1 QF1 OTeze1 KDGTBE13 5 andSs 16 to 168 OTeze1 o7 2 - - 1668 - -
E -] 3 |Fuel Line Volumetric Flow 2 QF2 oTe2e2 KDGTEE13 3 /s 16 to 168 OTeE2 73 - - 1608 - -
- ; 4 74 - - 1868 - -
U 5 75 - - 1668 - -
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Plano de Medidas
Scopix
> Nome do Cabo;
> Endereco de Memobéria;
» Ganho do Sinal;
» Offset do Sinal; e
> Taxa de Amostragem;
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Plano de Medidas
BCI
» Ganho do Sinal;
» Offset do Sinal;
» Faixa de Entrada;
» PiInagem; e
» Sinal Elétrico de Alimentacao do Sensor;
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Plano de Medidas
INTOUCH

» Limite de Seguranca para Temperatura;

» Limite de Seguranca para Nivel de Vacuo;
» Sequéncias de Tiro; e

» COpia das Principais Medidas;
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INPE - SATELLITE THRUSTER TEST FACILITY - CACHDEIRA PAULISTA - C:ASPVAINTOUCH. 16\MNPE

INPE - Satellite Thrusters Test Facility IR

sep////// WT SB SH PROPELLANT APU MPU PLC_Bench PLC_G.R |PLC_Engine
el 7 | [IISEEEN| LOCKED |IIREEMBNENN | REMOTE OnLine | OffLine | OnLine + INPE
PO O o .
= Station : ¥acuum System Refresh: 6062 . NONE NONE Normal Normal
PT2502 TT2502
) ( vide | |DPOK|| Atmosphere | VP1401
VP4003 0.3 mbar el
’ﬂ:mum /
PT2501 TT2501
T Al
: PT4003 VP4001 {__0.01 mbar §
VP2522 S
MMechanical
Booster
| NS 23.01 PT4002 Auxlllany
= (000> mbar | Pumping
Unit
Fan VP4002
OverF_Iuw
e 28 A @
| Piston
Preoot | Trozer AN w0 P
Seal TT2301 | PT2301 VP2303
@ cceion  |HERD -
Pump pleg " Y
Extracti VP2301 ,
TT2302 Pun’:; ol A
235 °C VP2302
€ Chilled Refrig. _.
Water G.R FOLL
—ﬁ‘ | FULL

VP2304

WEIENN [ Vacuum System |




INPE - SATELLITE THRUSTER TEST FACILITY - CACHDEIRA PAULISTA - C:\INTOUCH.16\MNPE E

INPE - Satellite Thrusters Test Facility KN
SEp ///// sB | SsH PROPELLANT APU MPU PLC_Bench PLC_G.R [PLC_Engine
__I Local |EEEERNN REMOTE |[ REMOTE Online | OffLine | OnLine « INPE

i Station : Test Manager Refresh: 3317 | NONE | NONE Normal Normal

> L—b To Vapor Treatment Sl
L VP1202

DP1101
PT1101 5P - N204 . _ PT1201 SP - MMH

RED101 REDZ01
NZ204 MMH

PRESSURISATION PT1102 PT1202 PRESSURISATION

o 'PO102 VPO202 To
_I[_)un;ping VPO102 J o _"" Dum_IEuingl;(

. an
an ; PTO101 PT0201 :

propeiian I VTR TP Y S



Sistema de Controle e Comando
SISTEMA DE REFRIGERACAO

INPE - SATELLITE THRUSTER TEST FACILITY - CACHDEIRA PAULISTA - C:ASPVAINTOUCH.16MNPE

INPE - Satellite Thrusters Test Facility

sep///// PROPELLANT APU MPU PLC_Bench| PLC_G.R [PLC_Engine
satcr: ILOCAL [ LOCKED | REMOTE |[I©@nLine | OfiLinc |[OnLine + INPE

CUPOpRCCHE O ol Sl o T
Station : Vacuum System Refresh: 6190 NONE @" Normal | Normal

d) = NI{ [ vide | [oPok][ Atmosphere | VP1401

EF2351 \L EF2352

TT23561 Q8235

< S O

Q52352
. PE2701 . PE2721

i
Y Y e
. ) os2701 () es2721 Mechanical

PT4002 Auxlllary

3.01

PE2351 REFRIGERATION Pumpling
Refrigeration e Refrigeration LOCAL Unlt

GROUP 1 GROUP 2
[RF2721 |

Auxiliary
A Piston
Pump
Piston
PE2601 TR2601 TR2621 PE2621

TT2301 | PT23M VEI303

EXIT VP21301

EMERGENCY STOP G.R
Type : =%

Cooler

Chilled
Water

VP2304

[ Vacuum System
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INFPE - SATELLITE THRUSTER TEST FACILITY - CACHDEIRA PAULISTA - C:A\INTOUCH. 16MNPE
INPE - Satellite Thrusters Test Facility IEEZEEN

Sep ///// WT SH PROPELLANT APU MPU PLC_Bench PLC_G.R |PLC_Engine
i AN | : ' :

_ ISR L CCKED REMOTE | EEEISNENN | Online | OfiLine | OnLine
SUPORCEE: 3o ol El o A
Station : Test Manager Refresh: 5568 NONE _ Normal Normal

.. INPE

THRUSTER PRESSURE # 1 THRUSTER PRESSURE # 2

00 bar

TEMPERATURE # 1 TEMPERATURE # 2

VACUUM CHAMBER 200 N VACUUM CHAMBER TENMPERATURE

END FIRE 0 0 1
. mbar
EMERGEHCY STOP REAL -TIME
DATA STORAGE ERROR FIRE SEQUENHCE MOHITORING

PLC Actual Fire Sequence : LimpEY of WSTATION#1

TOCITHM [ Monitoring |




INPE - SATELLITE THRUSTER TEST FACILITY - CACHDEIRA PAULISTA - C:ASPVAINTOUCH.16\MNPE

INPE - Satellite Thrusters Test Facility

Sep////// WT SB SH PROPELLANT APU MPU PLC Bench| PLC_G.R |PLC_Engine
e 2| [[MGEEEN | L OCKED REMOTE REMOTE OnLine || OffLine | OnLine - INPE
T Station : ¥acuum System Refresh: 4582 | NONE NONE Normal Normal
STEP COMMANDS Date Modified :
— ‘ ‘ REIRRIER BR MR AR
Ire >eguence
File Name DEfaUIt |
Thruster
STEP NUMBER 1 \‘ | Prossure 1 70.00 bar
TON Thruster
: Pressure #2 70.00 bar
TineBase NN -
o 200N Yacuum i
REpEtItIDn — New Chamber Fressure 110'00 mbar
Pulse ON Duration 0 ms Load From Disk 20N Vacuum
Chamber Pressure
T OFF
Time Base [N - _
‘ ‘ Temperature #1 1370 °C
Repetition | NI

Pulse OFF Duration

Number of pulses

Error: 0O

DOWNLOAD RECIPE
COMMAND

PLC Actual Fire Sequence
Date Modified :
20012006 09:57.42
Filemarme :
LimpEy of W STATICHR]

Temperature #2

Vacuum
Chamber 1.
Temperature

) °C

Global Data Storage

Pre-trigger m x 10 ms
Post-trigger m x 10 ms

W [ Fire Sequence Recips |




INPE - SATELLITE THRUSTER TEST FACILITY - CACHDEIRA PAULISTA - C:ASPVAINTOUCH. 16\MNPE [ ]

INPE - Satellite Thrusters Test Facility IEEZE
SEp,////// WT sB SH PROPELLANT APU MPU PLC_Bench| PLC_G.R |[PLC_Engine
e | | Il LocaL |NSEEENNEN REMOTE REMOTE OnLine OnLine + INPE

PO O o .
= Station : ¥acuum System Refresh: 4252 | NONE NONE Normal Normal
MMM DD ¥YYYY :HM: Comment Grouplamnes {
Hay 18 2007 14:05:25 Hitrogen Pressure Failure L_FSH MET FATILURE
Maw 18 2007 14:05:25 Failure MVP1 Starter D_ST_MVF1 HET FAILURE
Hay 18 2007 14:05:25 Failure MVF2 Starter D_ST_MVF2 HFT FAILURE
Maw 18 2007 14:05:25 Failure Booster Pump Drive I DREI_EFP APT FAILURE
May 18 2007 14:05:25 Failure Emergency Stop Superheating I _ESSH ST FATLURE
Maw 18 2007 14:05:25 Failure SuperHeating 0_SH SH FAILURE
Maw 18 2007 14:05:25 PT4002 MHessure Failure P Wacuum Auxilisry Group D _PT4002 APTT FATLURE
Hay 18 2007 14:05:25 FT4003 Heasure Failure (F Vacuum Main Group) D_FT4003 HET FAILURE
Maw 18 2007 14:05:25 Hessure Failure Ambient Vacuum Chamber Pressure D PT4001 MEPT FAILURE
Hay 18 2007 14:05:25 PTO101 Heasure Failure (P Pipe H204 ) L_FTO101 Fropellant_NH204 FATILURE
Maw 18 2007 14:05:25 Failure Measure Hydrazin Tank Temperature D TTO301 FPropellant HZ2H4 FAILURE
May 18 2007 14:05:25 Failure Measure Temperature Superheated Steam 0TSHW SH FATLURE
Hay 18 2007 14:05:25 Rack B3 Error 1516 Idensane Control-Comnmand FAILURE
Maw 18 2007 14:09:16 Failure Mes=s=ure Hydrazin Tank Temperature D TTO301 Propellant H2H4 HORMAL
Hay 18 2007 14:09:21 Failure Measure Hydrazin Tank Temperatures D_TTO301 Fropellant_ H2H4 FATILURE
4
Group Filter
Al
@ _ @ o & Acknowledge SUMMAY
Vacuum System Fire Sequence ALARMS All Alarms

WEIENN [ Alarms History |




INPE - SATELLITE THRUSTER TEST FACILITY - CACHDEIRA PAULISTA - C:ASPVAINTOUCH. 16\MNPE [ ]

INPE - Satellite Thrusters Test Facility IEEECE

Sep,///// WT SB SH PROPELLANT APU MPU PLC_Bench| PLC_G.R |PLC_Engine
e ¢ | 1l S| L OCKED REMOTE | [IIREEINEEN | GOnLine OnLine + INPE,
CUFORCCHFR 30 PO Sl o A

Station : ¥acuum System Refresh: 6108 NONE _ Mormal Normal

Engine Ethernet Network
Pench_| &8 | | NodeMame : STATION#1

Bench connexion: Local
Station #2 Station #3 Engine connexion . Local
QEE l GR connexion : Local
[ 1 [ 1
— AN
Hode 2 —--—
DH+ Network
fose 1 | | ORLine Hode 3 Hods 5 | Wode 4 Hode 0 | [ OnLine
= (= == [=Ri-] a a a|ja a|la a = a =11=] [=NN-1 a = = B2
/
Bl GR En
RUN No failure STOP No failure RUN No failure

RIO MNetwork

NORMAL NORMAL

WNEIENINN [ Network |




INPE - SATELLITE THRUSTER TEST FACILITY - CACHDEIRA PAULISTA - C:\INTOUCH.16\MNPE E

INPE - Satellite Thrusters Test Facility XN

Sep///// WT SB SH | PROPELLANT APU MPU PLC_Bench| PLC_G.R |PLC_Engine
= /| EEEEE| || LocAL || LOCKED | ISSSSNSEN NERESSNSNSNN | Oiline | Ofiinc [WOnbnews| . INPE
PSR L "

o Station : Test Manager Refresh: 1540 _ _ Normal Normal

Pressure Thresholds Settings [PT4001) Pressure Thresholds Settings
mbar Steam - PSS “ bar LOW HIGH
(PT2503)

. RANGE
mbar Cooling Water to APUP— PSA “ bar

Vacuum Chamber MMH-N204
Vacuum Chamber Start MPU

(FT2301) PT2201 bar
Inflation Chamber mhbar Circulating Wa‘EEF:szguti) “ har | "
ar
Yacuum Chamber NZ2H4 mbar Cooling Water to Spray - PSW m bar
(PT2301) PT2501 bar
Yacuum Pressure StartUp mbar
Booster Pump PT2502 bar
(PT4002)
TT2301
TT2302 °C

D.A.T.5 Data Storage Settings Temperature Thresholds Settings TT2501

Pre-trigger m x 10 ms lf:m:lIin!;|['P|¥'za:1‘t;:2rJ m 'C 112502

Posttrigger m x 10 ms TT2202

TT2203

=

5

m
5]

TOTITHM [ System |




Sistema de Aquisicao de Dados

i3 Real time graphic display

CRTOPL

anpere

=120 -10,0 -8,00 5,00 -4,00 -2.00 0

21/05/2007

SCOPIX

+967.08

newton

-20.1700

FE

12,0 -10,0 -5,00 -5,00 -4,00 -2.00 0

14,0 12,0 10,0 -8,00 -5,00 -4.00 -2,00 0
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O Sistema de
Tratamento de Dados

» Transferéncia;

» Conversao CATPAGS3;

» Conversao SlI;

» Exportacao em Formato Plano;
» Geracao de Graficos;

» Calculos; e

» Correcao de Offset.
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Parte |l
Recebimento do
Propulsor
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Recebimento do Propulsor

» |nspecao visual do motor;

» Verificacao dos conectores elétricos;

» Verificacao dos sensores; e

» Criacao de lista de nao conformidades.
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Parte |ll
Instalacao
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Confeccao dos Cabos dos
Sensores

> Cabos com isolacao elétrica em PVC e
protecao de ruido com malha aterrada;

» Revestimento de |la de vidro contra altas
temperaturas; e

» Conectores tipo LEMO do lado da
aguisicao e caracteristico ao sensor do
outro lado. Ex.: Baioneta, mini para
termopar, etc...
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Instalacao de Sensores
(Banco de Teste e Motor)

» |nstalacao e reposicao de sensores de
pressao, temperatura, empuxo e vazao
no Banco de Testes;

» Adaptacao do sensor para o Sistema de
Aquisicao — Curvas de calibracao; e

» [nstrumentacao do motor — sensor de
temperatura, pressao e empuxo.
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Ajuste das Placas de Aquisicao

» Seguem o plano de medidas;

» Os canhais de medida sao configurados de
acordo com as caracteristicas de cada
Sensor:

» BCI-306 - Flowmeters;
> BCI-382 - Temopares e Tensao; e
» BCI-310 - Tensao, Strain-gauges...
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Limites de Seguranca

» |nsercao dos Limites de Seguranca

Temperatura; e

Nivel de Vacuo no Sistema de Controle;

» Interrupcao e desligamento do Sistema
de Testes

Automatico: ao atingir-se o nivel de um dos sinais pré-
estabelecidos; ou

Manual: Comando no Posto do Grupo de Vacuo; ou

Manual: Comando no Posto do Diretor de Tiro:
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Configuracao da Sequéncia de
Tiro
> Implementacao da sequéncia de tiro preé-
definida na solicitacao do cliente;

» Possibilidade de alteracao no momento
do Teste.
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Calibracao da Balanca de

Empuxo

» Determinacao da “Curva de Calibracao”

da ba
» Calcu

anca de empuxo;
0 da Incerteza de medicao para o

sinal de empuxo, conforme descrito no PlI-
5.4-0260.

21/05/2007
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21/05/2007

Thrust cell calibration report

Bench: 201

Campaign: M20N-25

Operator #1: Geraldo Ribeiro
Operator #2: Marcelo Renato
Date: 200611212

Obs.! Pré carga de 1.2390 mV

Group

G G G2 G G G 63 62 G G2 42
[ e S e T e e e S e S e S e R e
[T S O T

O W o -1 o Lh

Gy Gy G
= = e
L B3 =

14
Gl5
Gle
G17
z1H
Gl%
G20
GZ21
22
G232
24
G25

Tension

i el )
2.447
i T L
1.748
5.194
&.658
&.116
. 28{)

n5n
s

[

a3

e Ve
. r v o x
Ln
[}
ik b 4D WD R

-1 o 0 W0 00 00
®
2 T o R

[u}

I3

® ®
= O W N Lo W WD Oh D

.-
T T ST R o 1 T S 5 T e S e O 5 O

= nonoo; o =
.
~1 i 00

(S S
v i oa
[ S,
[
T S T Y T

bk
mv
mW
mW
my
mW
mW
i
mW
bk
v
mv
mW
mW
mv
mW
mW
mv
my
mW
bkt
mW
mW
bk
mv
mW

Slope:

Offset:

Correlation Coef:

Gravily:

Uncertainty:

Computed data

Weight C. Weight
0.000 ¥ 0.006 ¥
0,997 N 0,999 N
1.939 N 1.904 N
2.874 N 2.832 N
3.239 N 3.191 N
3.609 M 4.370 N
3.981 N 31,933 N
£,357 N 4,307 N
4,738 N 4,685 N
5.125 N 5.069 N
5.570 N 2031 W
5,951 N 2. 209 N
£.370 M £.332 N
6£.370 N £.332 N
g5 951 N 2,919 N
5.570 M 5.541 N
5.125 N 5.093 N
4,738 N 4,720 N
4,357 N 4,327 N
3.981 N 3,953 N
3.609 N 1,584 N
3,239 N 3,221 N
2.874 N 2.852 N
1.939 N 1.923 N
0.927 N 0,989 N
0.000 N -0.003 N

CCDATS Team / BTSA
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Parte IV
Execucao
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STARTUP do Banco de Testes

> Armarios e Rack's devem ser ligados em
sequéncia pre-definida;

» Estacoes #1, #2 e #3 do Sistema de
Controle — SUPERVISION - também
ligadas em sequéncia e apos os PLC's.
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Limpeza do Disco Rigido do
Sistema de Aquisicao

» Devido a capacidade limitada dos discos
rigidos do sistema de aquisicao e por
motivos de seguranca sao feitos backups
em fitas magnéticas tipo DDS.

21/05/2007 CCDATS Team / BTSA Slide 32



21/05/2007 CCDATS Team / BTSA Slide 33



