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Couple 
height
(cm)

Housing 
ID

(cm)

Thermal 
Efficiency

Generator
Efficiency

(1)

Mass
(kg)

Power 
Output

(W)

Specific 
Power
(W/kg)

1.270 23.7 79.1% 9.1% 43.06 178.4 4.14
1.524 24.2 80.4% 9.3% 44.01 181.4 4.12
1.778 24.7 81.6% 9.4% 45.08 184.0 4.08
2.032 25.2 82.5% 9.5% 46.30 186.1 4.02
2.286 25.7 83.2% 9.6% 47.61 187.8 3.94
2.540 26.2 83.8% 9.7% 49.03 189.0 3.85

(1)  Includes 3% lead losses 

What trade space was explored? 

Five Take Away Points 
1.  KiloWatt-class power missions within reach 
2.  A 500W ARTG would have saved Cassini a generator 
3.  Graceful degradation  
4.  Quiescent power 
5.  Flexible design options 

How would the ARTGs perform? 3 examples 
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Trade Name Vacuum Only? Number of 
GPHSs

Power Target, 
We

Upper Limit of 
Thj

Lower Limit on 
Thj

1
High Temperature/
High Efficiency Yes variable 200

1273 K/
1000 C

2 High Temperature/
High Efficiency Yes variable 500 1273 K/

1000 C

3 Medium Temperature/
Medium Efficiency Yes variable 200 1123K/

850 C

4 Modular Yes 4,8,12,16 variable
1273 K/
1000 C

1123 K/
850 C

5 Multi-mission No variable 200 1123 K/
850 C

Trade Table

Requirements
•  The thermal inventory of each GPHS, Step 2 module shall be 244 Wt at the Beginning of Mission (BOM).
•  The ARTG shall be capable of providing electric power for at least 17 years;  3 years of storage, 
    followed by 14 years after BOM (BOM is defined as Launch).
•  The ARTG shall be designed to operate in a voltage range of 22-36 Vdc, with a design load
    voltage equal to 32.8 Vdc
•  The ARTG shall be designed to maximize reliablity including the use of series-parallel circuitry.
•  The conductive heat flow from the ARTG to the ARTG-S/C adaptor shall be between 0 W and
    50 W.

What kinds of Generators and Performance could you get putting JPL’s 
Advanced Thermoelectric Couple Technology in a  
Cassini RTG (or GPHS RTG) and the MMRTG? 

Advanced Radioisotope Thermoelectric Generator Concepts 
Advanced Segmented Thermoelectric Couple 
Using High Performance Materials 
• Skutterudites 
• Yb14MnSb11 and La3-xTe4 

Mid-span support 

Electrical Connector 

Radiator 

Fueling End Cap 

Advanced Multi-Mission RTG –  
Vacuum and planetary atmospheres 

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75

Sp
ec
ifi
c'P

ow
er
,'W

e/
kg

TE'Length,'cm

Couple 
height
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T fin root
(deg C)
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efficiency

Mass
(kg)
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Output

(W)

Specific 
Power
(W/kg)

0.930 217.3 11.0% 55.04 482.1 8.76
1.270 226.0 11.0% 55.69 481.4 8.64
1.524 230.1 10.9% 56.98 480.8 8.44
1.778 232.9 10.9% 58.66 480.3 8.19
2.032 235.0 10.9% 60.70 479.8 7.90
2.286 236.7 10.9% 63.04 479.3 7.60
2.540 238.0 10.9% 65.66 478.8 7.29

Q inv = 244 W/GPHS 
Power @ 32.8 V 
Power includes 3% lead loss 
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No. of 
GPHS 

Modules

Number of 
Couples

Fin
tip-to-tip

(cm)

Mass
(kg)

Generator 
efficiency

Power 
Output

(W)

Specific 
Power
(W/kg)

4 415 40.4 16.22 9.5% 93.2 5.74
8 830 44.8 28.00 10.5% 204.8 7.31
12 1245 46.5 40.95 10.7% 313.6 7.66
16 1660 47.4 52.82 10.9% 425.2 8.05

93.2 W 

204.8 W 
313.6 W 

425.2 W 

Q inv = 244 W/GPHS 
Thj = 1000°C 
Tcj = 250°C 
Vload = 32.8 V 
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Trade 2:"
Power Target – 500 W"
T hot junction – 1000°C (1273 K)"

Couple 
height
(cm)

T fin root
(deg C)

Generator
efficiency

Mass
(kg)

Power 
Output

(W)

Specific 
Power
(W/kg)

0.930 217.3 11.0% 55.04 482.1 8.76
1.270 226.0 11.0% 55.69 481.4 8.64
1.524 230.1 10.9% 56.98 480.8 8.44
1.778 232.9 10.9% 58.66 480.3 8.19
2.032 235.0 10.9% 60.70 479.8 7.90
2.286 236.7 10.9% 63.04 479.3 7.60
2.540 238.0 10.9% 65.66 478.8 7.29

478.8 W 

479.3 W 

479.8 W 

480.3 W 
480.8 W 

481.4 W 
482.1 W 

GPHS RTG 
Insulation Thickness 

Q inv = 244 W/GPHS 
Power @ 32.8 V 
Power includes 3% lead loss 

ARTG 

Trade 4: Modular"
Power Target – Variable"
T hot junction – 1000°C (1273 K)"

Trade 5: Multi-Mission"
Power Target – 200W"
T hot junction – 850°C (1123 K)"

Performance Predictions 
•  Single Point Designs from 8 to 18 GPHS 
•  BOL Power: 210 to 515 W 

Single Point Design, Vacuum Only ARTG 

Advanced Thermoelectric Couple Technology 

2x increase in ZTave over SOA Si-Ge 
alloys (1275 to 475 K DT) when 
combined through segmentation 

Segmented Couple 

Segmented Module 

x2 Efficiency of Heritage 
RTG Couples 

Higher Performance Materials 

15% Conversion 
Efficiency at 

 Beginning of Life (BOL) 

Family Portrait – Modular, Vacuum Only ARTGs 

Performance Predictions 
•  Modular Designs 
•  BOL Power: 95 to 425W (4 to 16 GPHS) 

Performance Predictions 
•  Multi-Mission Design 
•  BOL Power: ~200W (8 GPHS) 

Q inv = 244 W/GPHS 
Power @ 32.8 V 
Power includes 3% lead loss 


