JSC 49978A

APPENDIX B
AMS-02 Thermal Control System (TCS)
Heater Properties
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

Power at

Min Min Max Number Safety
Heater String Vol Voltage Voltage Set Point Type of Control ope Mounting Comments
oltage Critical
W) (Vdce) (Vdce) elements
PDS is equipped by thermal
interlock close on-rise
thermostats (2+2 in parallel)
3 heater patches that control the PDS switch-
(270W) on.
controlled by one When PDS thermal
OOR thermostat interlock thermostats reach
each; -18°C+/-1.7 , thermostats
Open-On-Rise -30 / 2 heater patches close and PDS circuits may
+3 (tbc) (180W) start working.
714 (@ Open-On-Rise -45/- controlled by one No: These thermostats remain
PDS (internal) llIB,S\g)On 106.1 Closift(()trtl)-cf){ise - h(ilzlliir (1)1? sfzrtizzrg)lc())srit Each patch Glued to back side of alv\iﬁiicliODsSe if;():;l f(lﬁil?y
Bus A ’ 630 (@ (PVGF) 126.5 48/-45(tbc) element 7 COR thermostat is equipped radiator over heat thermostat temperature
113 (ISS) . ) by a safety | pipes dedicated flanges . o
106.1V Open-On-Rise -30/- S each; thermostat remain above -23°C+/- 1.7 ,
on 5 2 heater patches the minimum operative
PVGF) Close-On-Rise - (180) controlled temperature of the pds).
30/-35(tbc) by one OOR
thermostat in PDS heaters are enabled
series to one COR when payload receives
thermostat each power from ISS (provided
that thermostats are closed).
When PDS reaches "switch-
on" temperature, PDS
heaters are NOT "istantly"
disabled
PDS};LnStG]:;nal), As above As above As above As above ab[?) sve As above As above As above As above As above
113 @
Tracker ISS (we . Needed to defreeze
Radiator are not o Single 3 thermostats in Gl,u ed to back 51de‘ of ammonia heat pipes and
(including 155.9 going to 126.5 -35°C/ 25 (tbe by element 55 series+PDS Line No radiator near heat pipes CO2 prior to Tracker
operate NLR) and on TTCS . . .
condensers) — these heater Al10 condensers operation. Will be disabled
Ram -BUS A heaters in after start-up.
hand-off)
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

Power at

Min Min Max Number Safet
Heater String Voltage Voltage Set Point Type of Control Loy Mounting Comments
Voltage Critical
(Vdce) (Vdce) elements
(W)
Tracker . . Glued to back side of Needed to defrecze
Radiator -35°C /-25 (tbe b Single 2 thermostats in radiator near heat pipes ammonia heat pipes and
(including 155.9 see above 126.5 NLR) Y | element 55 series+PDS Line No and on TTCSp P CO2 prior to Tracker
condensers) — heater B10 condensers operation. Will be disabled
Ram - BUS B after start-up.
Tragker . . Glued to back side of Need.e dto defreeze
Radiator 35°C /25 (tbe b Single 2 thermostats in radiator near heat pipes ammonia heat pipes and
(including 155,9 see above 126.5 NLR) Y | element 55 series+PDS Line No and on TTCSp P CO2 prior to Tracker
condensers) — heater A4 4 operation. Will be disabled
Wake - BUS A condensers after start-up.
Tragker . . Glued to back side of Need.e dto defreeze
Radiator 35°C /25 (tbe b Single 2 thermostats in radiator near heat pipes ammonia heat pipes and
(including 155,9 see above 126.5 NLR) Y| element 55 series+PDS Line No and on TTCSp P CO2 prior to Tracker
condensers) — heater B4 condensers operation. Will be disabled
Wake - BUS B after start-up.
430 @
106.1v No (Bach Needed when electronics
Main Radiator (at 106.1 Dual 3 thermostats in patch is Double sided heaters are off ar?:i to switch-on J
— Ram (set#l) PVGF) (PVGF) 126.5 -18C/-12C element 12 series+PDS Line equipped glued to back side of roup Will berisable d
~BUS A 488 @ | 113(ISS) heater 2A by a safety radiator & 1; for St
113V (on thermostat) p-
ISS)
No (Each .
Main Radiator Dual 3 thermostats in patch is Double sided heaters gze(?fiir\ﬁlteon selifglo_glnci
—Ram (set#1) | see above | see above 126.5 -18C/-12C element 12 series + PDS Line equipped glued to back side of roup Will bewdisable d
-BUSB heater 2B by a safety radiator group
thermostat) after start-up.
113 ISS
(we are
not going No (Each
Main Radiator 350 @ to operate Dual 3 thermostats in patch is Double sided heaters Iif:g;gnfi(;rs Sgain;p roof the
— Ram (set#2) these 126.5 -18C/-12C element 9 series + PDS Line equipped glued to back side of . . utJ group-
113V . Will be disabled after start-
-BUS A heaters heater S5A by a safety radiator
when we thermostat) up-
are on the
SSRMS)
Main Radiator 350 @ }‘}Vz Iasrg Dual 3 thermostats in N(; t(ciaicsh Double sided heaters Iif:i?gnfgs Sgirtt}lp rc:)futhe
— Ram (set#2) : 126.5 -18C/-12C element 9 series + PDS Line | P glued to back side of ool S
_BUS B 113V not going heater 5B equipped radiator Will be disabled after start-
to operate by a safety up.
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

Power at

Min Min Max Number Safety
Heater String Voltage Voltage Set Point Type of Control o Mounting Comments
Voltage Critical
(Vdce) (Vdce) elements
(W)
these thermostat)
heaters
when we
are on the
SSRMS)
113 ISS
(we are
not going No (Each
Main Radiator 129 @ to operate Dual 3 thermostats in patch is Double sided heaters I\lI]eedeld for sFartup an;.lf
— Wake- BUS 113V on these 126.5 -18C/-12C element 6 series + PDS Line equipped glued to back side of when f:ctromcs are otl.
. Will be disabled after start-
A ISS heaters heater A8 by a safety radiator
when we thermostat) up-
are on the
SSRMS)
113 1SS
(we are
not going No (Each
Main Radiator 129 @ to operate Dual 3 thermostats in patch is Double sided heaters wl\llliidZi cf?rrofltiacrsu;geag?f
— Wake - - 113V on these 126.5 -18C/-12C element 6 series + PDS Line equipped glued to back side of Will be disabled after star.t—
BUS B 1SS heaters heater B8 by a safety radiator
when we thermostat) up-
are on the
SSRMS)
113 1SS
(we are
not going
Cryo-coolerI- | 34,25 @ | to operate Dual | thermostat + Glued to Primary LHP | Needed to startup LHP and
Primary LHP - | 113V (on these 126.5 -8C/-3.5C (TBC) element 1 PDS A9 No evaporator + bolt-on to maintain Cryocooler
BUSA 1SS) heaters heater cover plate. above -10C (TBC)
when we
are on the
SSRMS)
Cryo-coolerI- | 3425 @ Dual 1 thermostat + Glued to Primary LHP | Needed to startup LHP and
Primary LHP- | 113V (on | as above 126.5 -8C/-3.5C (TBC) element 1 PDS B9 No evaporator + bolt-on to maintain Cryocooler
BUSB ISS) heater cover plate. above -10C (TBC)
Cryo-coolerI- | 3425 @ Dual | thermostat + Glued to Secondary Needed to startup LHP and
Secondary 113V (on | as above 126.5 -8C/-3.5C (TBC) element 1 PDS A9 No LHP evaporator + bolt- to maintain Cryocooler
LHP- BUSA 1SS) heater on cover plate. above -10C (TBC)
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

Power at

Min Min Max Number Safet
Heater String Voltage Voltage Set Point Type of Control Loy Mounting Comments
Voltage (Vde) (Vde) elements Critical
(W)
Cryo-coolerI- | 3425 @ Dual 1 thermostat + Glued to Secondary Needed to startup LHP and
Secondary 113V (on | asabove 126.5 -8C/-3.5C (TBC) element 1 PDS B9 No LHP evaporator + bolt- to maintain Cryocooler
LHP- BUSB 1SS) heater on cover plate. above -10C (TBC)
Cryo-cooler I1 3425 @ Dual | thermostat + Glued to Primary LHP | Needed to startup LHP and
- Primary 113V (on | as above 126.5 -8C/-3.5C (TBC) element 1 PDS A9 No evaporator + bolt-on to maintain Cryocooler
LHP- BUSA ISS) heater cover plate. above -10C (TBC)
Cryo-cooler 11 3425 @ Dual | thermostat + Glued to Primary LHP | Needed to startup LHP and
- Primary 113V (on | as above 126.5 -8C/-3.5C (TBC) element 1 PDS B9 No evaporator + bolt-on to maintain Cryocooler
LHP- BUSB 1SS) heater cover plate. above -10C (TBC)
Cryo-cooler I 3425 @ Dual 1 thermostat + Glued to Secondary Needed‘to s.tartup LHP and
- Secondary 113V (on | asabove 126.5 -8C/-3.5C (TBC) element 1 PDS A9 No LHP evaporator + bolt- to maintain Cryocooler
LHP- BUSA 1SS) heater on cover plate. above -10C (TBC)
Cryo-cooler I1 3425 @ Dual | thermostat + Glued to Secondary Needed‘to s.tartup LHP and
- Secondary 113V (on | as above 126.5 -8C/-3.5C (TBC) element 1 PDS B9 No LHP evaporator + bolt- to maintain Cryocooler
LHP- BUSB ISS) heater on cover plate. above -10C (TBC)
Cryo-cooler III | 34,25 @ Dual | thermostat + Glued to Primary LHP | Needed to startup LHP and
- Primary 113V (on | as above 126.5 -8C/-3.5C (TBC) element 1 PDS All No evaporator + bolt-on to maintain Cryocooler
LHP- BUSA 1SS) heater cover plate. above -10C (TBC)
Cryo-cooler III | 34,25 @ Dual 1 thermostat + Glued to Primary LHP | Needed to startup LHP and
- Primary 113V (on | asabove 126.5 -8C/-3.5C (TBC) element 1 PDS B11 No evaporator + bolt-on to maintain Cryocooler
LHP- BUSB 1SS) heater cover plate. above -10C (TBC)
Cryo-cooler III | 34,25 @ Dual | thermostat + Glued to Secondary Needed to startup LHP and
- Secondary 113V (on | as above 126.5 -8C/-3.5C (TBC) element 1 PDS All No LHP evaporator + bolt- to maintain Cryocooler
LHP- BUSA ISS) heater on cover plate. above -10C (TBC)
Cryo-cooler III | 34,25 @ Dual | thermostat + Glued to Secondary Needed to startup LHP and
- Secondary 113V (on | as above 126.5 -8C/-3.5C (TBC) element 1 PDS B11 No LHP evaporator + bolt- to maintain Cryocooler
LHP- BUSB 1SS) heater on cover plate. above -10C (TBC)
Cryo-cooler 0 - | 34,25 @ Dual 1 thermostat + Glued to Primary LHP | Needed to startup LHP and
Primary LHP- 113V (on | asabove 126.5 -8C/-3.5C (TBC) element 1 PDS All No evaporator + bolt-on to maintain Cryocooler
BUSA 1SS) heater cover plate. above -10C (TBC)
Cryo-cooler 0- | 34,25 @ Dual | thermostat + Glued to Primary LHP | Needed to startup LHP and
Primary LHP- | 113V (on | as above 126.5 -8C/-3.5C (TBC) element 1 PDS B11 No evaporator + bolt-on to maintain Cryocooler
BUSB ISS) heater cover plate. above -10C (TBC)
Cryo-cooler 0- | 34,25 @ Dual | thermostat + Glued to Secondary Needed‘to s.tartup LHP and
Secondary 113V (on | as above 126.5 -8C/-3.5C (TBC) element 1 PDS A1l No LHP evaporator + bolt- to maintain Cryocooler
LHP- BUSA 1SS) heater on cover plate. above -10C (TBC)
Cryo-cooler 0- 3425 @ Dual 1 thermostat + Glued to Secondary Needed‘to s.tartup LHP and
Secondary 113V (on | asabove 126.5 -8C/-3.5C (TBC) element 1 PDS B11 No LHP evaporator + bolt- to maintain Cryocooler
LHP- BUSB ISS) heater on cover plate. above -10C (TBC)
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

Power at

Min Min Max Number Safet
Heater String Voltage Voltage Set Point Type of Control Loy Mounting Comments
Voltage Critical
(Vdce) (Vdce) elements
(W)
1 thermostat +
PDS Line A3
TRDGB C-box 11.4 113 126.5 +10C/+15C Kapton 2 (shared No Glued to surface of Enabled during operation.
pump canister foil . pump canister
thermostat with
valves)
1 thermostat +
PDS Line B3
TRDGB C-box 114 113 126.5 +10C/+15C Kapton 2 (shared No Enabled during operation.
pump canister foil .
thermostat with
valves)
1 thermostat +
PDS Line A3
TRDV(;llieCS-bOX 3.6 113 126.5 +10C/+15C resistor 4 (shared No Enabled during operation.
thermostat with
canister)
1 thermostat +
PDS Line B3
TRD\gE/eCs_bOX 3.6 113 126.5 +10C/+15C resistor 4 (shared No Enabled during operation.
thermostat with
canister)
TRDGB 1 thermostat +
Lower 2-valve 6.2 113 126.5 +10C/+15C resistor 2 . No Enabled during operation.
PDS Line A3
block
TRDGB 1 th tat +
Lower 2-valve 6.2 113 126.5 +10C/+15C resistor 2 ermosta No Enabled during operation.
PDS Line B3
block
TRDGB Upper . 1 thermostat + . .
2-valve block 4.5 113 126.5 +10C/+15C resistor 2 PDS Line A3 No Enabled during operation.
TRDGB Upper . 1 thermostat + . .
2-valve block 4.5 113 126.5 +10C/+15C resistor 2 PDS Line B3 No Enabled during operation.
TRDGB Vent . 1 thermostat + . .
valve 3.2 113 126.5 +10C/+15C resistor 2 PDS Line A3 No Enabled during operation.
TRDGB Vent . 1 thermostat + . .
valve 3.2 113 126.5 +10C/+15C resistor 2 PDS Line B3 No Enabled during operation.
TRDGB 4- . 1 thermostat + . .
valve Block 8 113 126.5 +10C/+15C resistor 2 PDS Line A3 No Enabled during operation.
TRDGB 4- . 1 thermostat + . .
valve Block 8 113 126.5 +10C/+15C resistor 2 PDS Line B3 No Enabled during operation.
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

Power at

Min Min Max Number Safet
Heater String Voltage Voltage Set Point Type of Control nety Mounting Comments
Voltage Critical
(Vdce) (Vdce) elements
(W)
113 ISS
(we are
not going
to operate .
CAB Kapton 2 thermostats + Double sided heater
BUS A 99,5 these 1265 -20C/-14C (TBC) Foil > PDS Line A8 No glued to CAB housing
heaters
when we
are on the
SSRMS)
113 ISS
(we are
not going
to operate .
Kapton 2 thermostats + Double sided heater
CAB BUS B 99,5 these 126.5 -20C/-14C (TBC) Foil 5 PDS Line B8 No glued to CAB housing
heaters
when we
are on the
SSRMS)
154 @
106.1V
RICH, Ram (at 1}())\6}.(1};;& Kapton | thermostat + Double sided heater
(+Ram/Port) PVGF) 126.5 -27C/-21C Pt 2 . No glued to octagonal Enabled during operation.
113 (on Foil PDS Line A7
Bus A 17,5 @ ISS) structure
113V (on
1SS)
RICH, Ram Kapton 1 thermostat + Double sided heater
(+Ram/Port) see above | see above 126.5 -27C/-21C Pt 2 . No glued to octagonal Enabled during operation.
Foil PDS Line B7
Bus B structure
RICH, Port Kanton | thermostat + Double sided heater
(+Port/Wake) | see above | see above 126.5 -27C/-21C Pt 2 . No glued to octagonal Enabled during operation.
Foil PDS Line A7
Bus A structure
RICH, Port Kapton 1 thermostat + Double sided heater
(+Port/Wake) see above | see above 126.5 -27C/-21C Pt 2 . No glued to octagonal Enabled during operation.
Foil PDS Line B7
Bus B structure
(-}E\ilcall—(le’:/svvtzlr(lfo Kapton 1 thermostat + Double sided heater
ard) see above | see above 126.5 -27C/-21C Foil 2 PDS Line A7 No glued to octagonal Enabled during operation.
Bus A structure
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

Power at

Min Min Max Number Safet
Heater String Voltage Voltage Voltage Set Point Type of Control Cri tich Mounting Comments
S (Vde) (Vde) elements
(W)
(f\ﬁlgénggo Kapton 1 thermostat + Double sided heater
ard) see above | see above 126.5 -27C/-21C Foil 2 PDS Line B7 No glueds ttrou gtcut;légonal Enabled during operation.
Bus B
RICH,
Starboard Kapton | thermostat + Double sided heater
(+Starlr);))ard/Ra see above | see above 126.5 -27C/-21C Foil 2 PDS Line A7 No gluedS ttrou gtcut;lé;onal Enabled during operation.
Bus A
RICH,
Starboard Kapton 1 thermostat + Double sided heater
(+Starboard/Ra | see above | see above 126.5 -27C/-21C Pt 2 . No glued to octagonal Enabled during operation.
m) Foil PDS Line B7 structure
Bus B
154 @
ECAL, 1%6V1(§/Fat 1P(’)\67.(1}1-£<2)lt Kapton 1 thermostat + Double sided heater
Starboard 126.5 -18C/-12C Pt 4 . No glued to back of Enabled during operation.
Bus A 175 @ 113 (on Foil PDS Line Al radiator structure
113V on ISS)
ISS
ECAL, Kanton | thermostat + Double sided heater
Starboard see above 113 126.5 -18C/-12C F?)il 4 PDS Line B1 No glued to back of Enabled during operation.
Bus B radiator structure
Double sided heater
EC‘%];’S \Xake see above 113 126.5 -18C/-12C K;Eti(lm 4 igggrﬂﬁfi: No glued to back of Enabled during operation.
radiator structure
Double sided heater
EC%’S V];/ake see above 113 126.5 -18C/-12C K;ll(’)i?“ 4 lpggri‘l‘l’fet*]‘;;' No glued to back of Enabled during operation.
radiator structure
Double sided heater
ECAL, Port Kapton 1 thermostat + . .
’ see above 113 126.5 -18C/-12C . 4 . No glued to back of Enabled during operation.
Bus A Foil PDS Line Al radiator structure
Double sided heater
EC].?[};, ]l; ort see above 113 126.5 -18C/-12C K;Eti(lm 4 a)ggrﬁzset?; l+ No glued to back of Enabled during operation.
radiator structure
Double sided heater
ECAL, Ram Kapton 1 thermostat + . .
Bus A see above 113 126.5 -18C/-12C Foil 4 PDS Line Al No glued to back of Enabled during operation.

radiator structure
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

Power at

Min Min Max Number Safet
Heater String Voltage Voltage Set Point Type of Control Loy Mounting Comments
Voltage Critical
(Vdce) (Vdce) elements
(W)
1 Double sided heater
ECAL, Ram Kapton 1 thermostat + . .
Bus B see above 113 126.5 -18C/-12C Foil 4 PDS Line Bl No glued to each of the Enabled during operation.
two E-crates
26,5 @
106.1V at | 106.1 (at 1 Double sided heater
E-crate (E-0) PVGF PVGF) Kapton 1 thermostat + glued to the bottom
Bus A 30,0 @ 113 (on 126.5 -18C/-12C Foil 1 PDS Line A6 No plate of the E-crate
113V on ISS) housing
ISS
1 Double sided heater
E-crate (E-0) see above | see above 126.5 -18C/-12C Kapt.0n 1 ! thermpstat * No glued to the bottom
Bus B Foil PDS Line B6
plate of the E
1 Double sided heater
E-crate (B-1) | .o above | see above 126.5 -18C/-12C Kapton 1 I thermostat + No glued to the bottom
Bus A Foil PDS Line A6
plate of the E
1 Double sided heater
E-crate (E-1) see above | see above 126.5 -18C/-12C Kapt.0n 1 ! thermpstat * No glued to the bottom
Bus B Foil PDS Line B6
plate of the E
6,6 @
106.1 at 106.1 (at
Lower TOF .
’ PVGF PVGF) Kapton 1 thermostat + 1 Double sided heater . .
Bi( A 75 @ 113 (on 1265 -27C121C Foil ! PDS Line A7 No glued to TOF structure | nabled during operation.
113 on ISS)
ISS
Lower TOF .
’ See Kapton 1 thermostat + 1 Double sided heater . .
B:z(B above see above 126.5 -27C/-21C Foil 1 PDS Line B7 No glued to TOF structure Enabled during operation.
83 @
106.1 at 106.1 (at
Lower TOF .
’ PVGF PVGF) Kapton 1 thermostat + 1 Double sided heater . .
BZSY A 94 @ 113 (on 126.5 -27C121C Foil 3 PDS Line A7 No glued to TOF structure Enabled during operation.
113 on ISS)
ISS
Lower TOF .
’ See Kapton 1 thermostat + 1 Double sided heater . .
B::(B above see above 126.5 -27C/-21C Foil 3 PDS Line B7 No glued to TOF structure Enabled during operation.
6,6 @ 106.1 (at
Lower TOF, - y .
’ 106.1 at PVGF) Kapton 1 thermostat + 1 Double sided heater . .
Bu)z A PVGF 113 (on 1265 -27C121C Foil ! PDS Line A7 No glued to TOF structure Enabled during operation.
75 @ 1SS)

B-9




JSC 49978 A
AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES
POKV/I?; at Min Max Number Safet
Heater String Voltage Voltage Set Point Type of Control Loy Mounting Comments
Voltage Critical
(Vdce) (Vdce) elements
(W)
113 on
ISS
Lower TOF, - .
’ Kapton 1 thermostat + 1 Double sided heater . .
5 lfi 5 see above | see above 126.5 -27C/-21C Foil 1 PDS Line B7 No glued to TOF structure Enabled during operation
83 @
106.1 at 106.1 (at
Lower TOF, - .
’ PVGF PVGF) Kapton 1 thermostat + 1 Double sided heater . .
Y 94 @ 113 (on 1265 -27C121C Foil 3 PDS Line A7 No glued to TOF structure | Cnapled during operation.
Bus A
113 on 1SS)
ISS
Lower TOF, - .
’ See See Kapton 1 thermostat + 1 Double sided heater . .
Bu\g B above above 1265 -27C121C Foil 3 PDS Line B7 No glued to TOF structure Enabled during operation.
EHV & RHV 66 @ 106.1 (at
Bricks (10 106.1 at PV.GF) Kapton 1 thermostat per 1 Double sided heater
High Voltage PVGF 113 (on 126.5 -18C/-12C Fl())il 10 brick + PDS Line No glued inside each brick
Boxes total) 75 @ 113 ISS) A6 box
Bus A on ISS
EI];Ir\llciLs l((ll-(I)V Kapton 1 thermostat per 1 Double sided heater
total) see above | see above 126.5 -18C/-12C Fl())il 10 brick + PDS Line No glued inside each brick
B6 box
Bus B
Accu Wall P-
Box 19.9 26.5 29.5 variable Kapt.0n 1 Thermostats No Glued on the Accu Ground Test, Control
Foil Wall
TTCS-P
Accu Wall P-
Box 13.4 26.5 29.5 variable Kapt.on 1 Thermostats No Glued on the Accu Ground Test, Emergency
Foil Wall
TTCS-P
Accu Wall S-
Box 19.9 26.5 29.5 variable Kapt.0n 1 Thermostats No Glued on the Accu Ground Test, Control
Foil Wall
TTCS-P
Accu Wall S-
Box 13.4 26.5 29.5 variable Kapt.on 1 Thermostats No Glued on the Accu Ground Test, Emergency
Foil Wall
TTCS-P
Accu Wall S-
Box 19.9 26.5 29.5 variable Kapt.0n 1 Thermostats No Glued on the Accu Ground Test, Control
Foil Wall
TTCS-S
Accu Wall S- 13.4 26.5 29.5 variable Kapton 1 Thermostats No Glued on the Accu Ground Test, Emergency
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

POKV/I?; at Min Max Number Safet
Heater String Voltage Voltage Set Point Type of Control nety Mounting Comments
Voltage Critical
(Vdce) (Vdce) elements
(W)
Box Foil Wall
TTCS-S
Accu Wall S-
Box 19.9 26.5 29.5 variable Kapt.on 1 Thermostats No Glued on the Accu Ground Test, Control
Foil Wall
TTCS-S
Accu Wall S-
Box 13.4 26.5 29.5 variable Kapt.on 1 Thermostats No Glued on the Accu Ground Test, Emergency
Foil Wall
TTCS-S
Accu Heat Soldering onto the
Pipe P-Box 20.2 26.5 29.5 variable Wire 1 Thermostats No g onte Flight Test, Control
Accu heat pipe
TTCS-P
Accu Heat .
Pipe P-Box 13.5 26.5 29.5 variable Wire 1 Thermostats No, by Soldering ontg the Flight Test, Emergency
analysis Accu heat pipe
TTCS-P
Accu Heat .
Pipe S-Box 20.2 26.5 29.5 variable Wire 1 Thermostats No, b}/ Soldering ontg the Flight Test, Control
analysis Accu heat pipe
TTCS-P
Accu Heat .
Pipe S-Box 13.5 26.5 29.5 variable Wire 1 Thermostats No, by Soldering ontg the Flight Test, Emergency
analysis Accu heat pipe
TTCS-P
Accu Heat .
Pipe S-Box 20.2 26.5 29.5 variable Wire 1 Thermostats No, b}/ Soldering ontg the Flight Test, Control
analysis Accu heat pipe
TTCS-S
Accu Heat .
Pipe S-Box 13.5 26.5 29.5 variable Wire 1 Thermostats No, by Soldering onto the Flight Test, Emergency
analysis Accu heat pipe
TTCS-S
Accu Heat .
Pipe S-Box 20.2 26.5 29.5 variable Wire 1 Thermostats No, b}/ Soldering ontg the Flight Test, Control
analysis Accu heat pipe
TTCS-S
Accu Heat .
Pipe S-Box 13.5 26.5 29.5 variable Wire 1 Thermostats No, by Soldering onto the Flight Test, Emergency
analysis Accu heat pipe
TTCS-S
OHP . No, by Soldering onto the Used to drive the OHP
P-Box TTCS-P 447 265 295 ) Wire ! TTCE Bus A analysis OHP copper structure experiment
OHP . No, by Soldering onto the Used to drive the OHP
P-Box TTCS-P 447 265 295 ) Wire ! TTCE Bus B analysis OHP copper structure experiment
Used to assure that liquid
Pre-Heater, 8 265 295 ) Wire 1 TTCE Bus A No, by Soldering onto the Pre- CcO2 enteqng the TTQS
TTCS-P analysis heater copper structure evaporator is at saturation
temperature

B-11




AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

POKV/I?; at Min Max Number Safet
Heater String Voltage Voltage Set Point Type of Control nety Mounting Comments
Voltage Critical
(Vdce) (Vdce) elements
(W)
Used to assure that liquid
Pre-Heater, 8 26.5 295 ) Wire 1 TTCE Bus A No, by Soldering onto the Pre- CO2 enter}ng the TTCS
TTCS-P analysis heater copper structure evaporator is at saturation
temperature
Used to assure that liquid
Pre-Heater, 8 265 295 ) Wire 1 TTCE Bus B No, by Soldering onto the Pre- CcO2 enteqng the TTCS
TTCS-P analysis heater copper structure evaporator is at saturation
temperature
Used to assure that liquid
Pre-Heater, 8 26.5 295 ) Wire 1 TTCE Bus B No, by Soldering onto the Pre- CO2 enter}ng the TTCS
TTCS-P analysis heater copper structure evaporator is at saturation
temperature
Used to assure that liquid
Pre-Heater, 8 265 295 ) Wire 1 TTCE Bus A No, b}/ Soldering onto the Pre- CO2 entering the TTCS
TTCS-S analysis heater copper structure evaporator is at saturation
temperature
Used to assure that liquid
Pre-Heater, 3 265 295 ) Wire 1 TTCE Bus A No, by Soldering onto the Pre- CcO2 enteqng the TTCS
TTCS-S analysis heater copper structure evaporator is at saturation
temperature
Used to assure that liquid
Pre-Heater, 8 26.5 295 ) Wire 1 TTCE Bus B No, by Soldering onto the Pre- CO2 enter}ng the TTCS
TTCS-S analysis heater copper structure evaporator is at saturation
temperature
Used to assure that liquid
Pre-Heater, 8 265 295 ) Wire 1 TTCE Bus B No, by Soldering onto the Pre- CcO2 enteqng the TTQS
TTCS-S analysis heater copper structure evaporator is at saturation
temperature
. Heats CO2 above minimum
Start-up, 50 26.5 29.5 - Wire 1 Thermostats No, b}/ Soldering onto the Tracker switch on
TTCS-P analysis Heat Exchangers
temperature
. Heats CO2 above minimum
Start-up, 50 26.5 29.5 - Wire 1 Thermostats No, by Soldering onto the Tracker switch on
TTCS-P analysis Heat Exchangers
temperature
. Heats CO2 above minimum
Start-up. 50 265 295 - Wire 1 Thermostats No. by Soldering onto the Tracker switch on
TTCS-S analysis Heat Exchangers
temperature
. Heats CO2 above minimum
Start-up, . No, by Soldering onto the .
TTCS-S 50 26.5 29.5 - Wire 1 Thermostats analysis Heat Exchangers Tracker switch on

temperature
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

Power at

Min Min Max Number Safet
Heater String Voltage Voltage Set Point Type of Control nety Mounting Comments
Voltage Critical
(Vdce) (Vdce) elements
(W)
. Soldering onto the L
Cold Orbit, 540 265 29.5 . Wire 1 TTCE Bus A No. by Cold-Orbit copper Prevent freczing in the
TTCS-P analysis condenser
structure
. Soldering onto the L
ol 540 265 295 . Wire 1 TTCE Bus B No. by Cold-Orbit copper Prevent freczing in the
TTCS-P analysis condenser
structure
. Soldering onto the L
Cold Orbit, 54.0 26.5 29.5 - Wire 1 TTCE Bus A No, by Cold-Orbit copper Prevent freezing in the
TTCS-S analysis condenser
structure
. Soldering onto the L
Cold Orbit, 54.0 26.5 29.5 - Wire 1 TTCE Bus B No, by Cold-Orbit copper Prevent freezing in the
TTCS-S analysis condenser
structure
Soldering onto the
- 14*Wir Capillary Liquid Lines | Need to thaw CO2 in TTCS
TTCS Liquid 15.6 26.5 29.5 - e 15 TTCE Bus A No, B}.I (7*Feed, 7*Return, condenser lines after power
Lines, RAM P . Analysis .
1*Foil and 1*Foil onto outage
condenser plate)
Soldering onto the
o 14*Wir Capillary Liquid Lines | Need to thaw CO2 in TTCS
TTCS Liquid 15.6 26.5 29.5 - e 15 TTCE Bus B No, B),/ (7*Feed, 7*Return, condenser lines after power
Lines, RAM P . Analysis .
1*Foil and 1*Foil onto outage
condenser plate)
Soldering onto the
- 14*Wir Capillary Liquid Lines | Need to thaw CO2 in TTCS
T.TCS Liquid 15.6 26.5 29.5 - e 15 TTCE Bus A No, B},] (7*Feed, 7*Return, condenser lines after power
Lines, RAM S . Analysis .
1*Foil and 1*Foil onto outage
condenser plate)
Soldering onto the
- 14*Wir Capillary Liquid Lines | Need to thaw CO2 in TTCS
T.TCS Liquid 15.6 26.5 29.5 - e 15 TTCE Bus B No, B}.I (7*Feed, 7*Return, condenser lines after power
Lines, RAM S . Analysis .
1*Foil and 1*Foil onto outage
condenser plate)
Soldering onto the
TTCS Liquid 14*Wir No.B Capillary Liquid Lines | Need to thaw CO2 in TTCS
Lines, WAKE 15.6 26.5 29.5 - e 15 TTCE Bus A Ana,l s)i/s (7*Feed, 7*Return, condenser lines after power
P 1*Foil y and 1*Foil onto outage
condenser plate)
TTCS Liquid 14*Wir No. B Soldering onto the Need to thaw CO2 in TTCS
Lines, WAKE 15.6 26.5 29.5 - e 15 TTCE Bus B Ana,l s}i]s Capillary Liquid Lines | condenser lines after power
P 1*Foil y (7*Feed, 7*Return, outage
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

Power at

Min Min Max Number Safety
Heater String Voltage Voltage Set Point Type of Control ope Mounting Comments
Voltage Critical
(Vdce) (Vdce) elements
(W)
and 1*Foil onto
condenser plate)
Soldering onto the
TTCS Liquid 14*Wir No. B Capillary Liquid Lines | Need to thaw CO2 in TTCS
Lines, WAKE 15.6 26.5 29.5 - e 15 TTCE Bus A Ana,lys}ils (7*Feed, 7*Return, condenser lines after power
S 1*Foil and 1*Foil onto outage
condenser plate)
Soldering onto the
TTCS Liquid 14*Wir No.B Capillary Liquid Lines | Need to thaw CO2 in TTCS
Lines, WAKE 15.6 26.5 29.5 - e 15 TTCE Bus B Ana,l s)i/s (7*Feed, 7*Return, condenser lines after power
S 1*#Foil y and 1*Foil onto outage
condenser plate)
TTCS-P Box Deleted From Design
heater
TTCS-P Box Deleted From Design
heater
TTCS-S Box Deleted From Design
heater
TTCS-S Box Deleted From Design
heater
*Needed to maintain CO2
above saturation
temperature for pressure
4 thermostats in Heaters glued to measurement. Failed "ON"
TRDGB CO2 10.8 26.5 +39C/+41C KapFon 8 series + UG-crate Yes* surface of carbon-fiber heaters could cause
Tank foil .
A overwrapped tank. excedence of maximum
design temperature (+65C).
Failed "OFF" heaters cause
no hazard.
*Needed to maintain CO2
above saturation
temperature for pressure
4 thermostats in Heaters glued to measurement. Failed "ON"
TRDT(; likCOZ 10.8 26.5 +39C/+41C Kzt!gltlo n 8 series + UG-crate Yes* surface of carbon-fiber heaters could cause

B

overwrapped tank.

excedence of maximum
design temperature (+65C).
Failed "OFF" heaters cause
no hazard.
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

Power at

Min Min Max Number Safet
Heater String Voltage Voltage Set Point Type of Control nety Mounting Comments
Voltage Critical
(Vdce) (Vdce) elements
(W)
*Needed to maintain Xe
above saturation
temperature for pressure
4 thermostats in Heaters glued to measurement. Failed "ON"
TR?;?{ Xe 7.84 26.5 +26C/+28C Kzflgltlo n 8 series + UG-crate Yes* surface of carbon-fiber heaters could cause
A overwrapped tank. excedence of maximum
design temperature (+65C).
Failed "OFF" heaters cause
no hazard.
*Needed to maintain Xe
above saturation
temperature for pressure
4 thermostats in Heaters glued to measurement. Failed "ON"
TR]%;;?( Xe 7.84 26.5 +26C/+28C K;lgltlo n 8 series + UG-crate Yes* surface of carbon-fiber heaters could cause
B overwrapped tank. excedence of maximum
design temperature (+65C).
Failed "OFF" heaters cause
no hazard.
TRDGB . .
Tower Bracket 744 265 +10C/+15C Resistor 2 1 thermostat + No Needed to malr}tam .Va.lves
Assy S UG-crate A above operating limit.
TRDGB . .
Tower Bracket 744 265 +10C/415C Resistor 2 1 thermostat + No Needed to malr}tam.va.lves
Assy S UG-crate B above operating limit.
2 thermostats in
EBCS, 50 series per Maintains EBCS above
Primary (@120V) 13 1265 -10C/-3.3C 2 element, Power No survival limits. GFE.
Line A
2 thermostats in
EBCS, 50 series per Maintains EBCS above
Secondary (@120V) 13 1265 -18.3C/-13.3C 2 element, Power No survival limits. GFE.
Line B
TRD M- 4 thermostats
Structure, Ram 175 13 126.5 +10 C/ 420 C Resistor 8 resistors (tW(? in p.arallel in No Resistors glued to M- Maintain TRD \’)\,llthln best
side. Bus A in parallel | series with other Structure performace” range
’ two in parallel)
TRD M- 4 thermostats
Structure, Ram 175 113 126.5 +10C/ 420 C Resistor 8 resistors (IW(.) in p.arallel in No Resistors glued to M- Maintain TRD \i’lthln best
side. Bus B in parallel series with other Structure performace” range

two in parallel)
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978A

Power at

Min Min Max Number Safet
Heater String Voltage Voltage Set Point Type of Control nety Mounting Comments
Voltage Critical
(Vdce) (Vdce) elements
(W)
TRD M- 4 thermostats
Structu.re, 175 113 126.5 +10C/ 420 C Resistor 8 resistors (IW(.) in p.arallel in No Resistors glued to M- Maintain TRD \i’lthln best
Wake side, in parallel series with other Structure performace” range
Bus A two in parallel)
TRD M- 4 thermostats
Structu.re, 17,5 13 126.5 +10 C/ 420 C Resistor 8 resistors (tW(? in p.arallel in No Resistors glued to M- Maintain TRD \’)\,llthln best
Wake side, in parallel | series with other Structure performace” range
Bus B two in parallel)
TRD M- 4 thermostats
Structure, Port 175 113 126.5 +10C/ 420 C Resistor 8 resistors (IW(.) in p.arallel in No Resistors glued to M- Maintain TRD \i’lthln best
. in parallel series with other Structure performace” range
side, Bus A .
two in parallel)
TRD M- 4 thermostats
Structure, Port 17,5 13 126.5 +10 C/ 420 C Resistor 8 resistors (twq in p.arallel in No Resistors glued to M- Maintain TRD \:llthln best
. in parallel series with other Structure performace” range
side, Bus B .
two in parallel)
TRD M- 4 thermostats
Structurf%, 175 113 126.5 +10C/ 420 C Resistor 8 resistors (tW(? in p.arallel in No Resistors glued to M- Maintain TRD \illthm best
Starboard side, in parallel | series with other Structure performace” range
Bus A two in parallel)
TRD M- 4 thermostats
Stmcturg, 175 113 126.5 +10C/ 420 C Resistor 8 resistors (IW(.) in p.arallel in No Resistors glued to M- Maintain TRD \i’lthln best
Starboard side, in parallel series with other Structure performace” range
Bus B two in parallel)
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