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Reference Aircraft: ATR 42-500
- Profound data are available in literature

Jane’s All the World’s Aircraft

Figure 2.24-Weightbeckdown ATA42

Geometry

Obert — Aerodyn.
Design of Transport
Aircraft

STANDARD CONFIGURATION 48 seats — B Jope—
ehore: P BEASA
|Take-off power - One engine | 24005HP
2,400 4P
[Max cimb [T 2605Hp TYPE-CERTIFICATE
Max crise 2,1325HP. DATA SHEET
6-393m-129f
-
111,250 kg - 24,802 1b h kit T2

5 [TTs00kg 253531
[5:500ka- 1212516
4500kg 9921

ing (95% MTOW, I5A +10)
MTOW -5 Opti

60 min
802kg-1.7681b

Boretzd s e EASA Type Certificate
ATR factsheets & Data Sheet ATR 42
brochure

Mass breakdown

Nicolas Schneiders, DLR Institute of System Architectures in Aeronautics, 01.10.2024

EEASA
TYPE-CERTIFICATE
DATA SHEET

o £

EASA Type Certificate
Data Sheet PW100

DLR

# Hamilton Sundstrand Ps208

VARIABLE PITCH AIRCRAFT
PROPELLER
568F-1 PROPELLER MODEL
PART NUMBERS:
815500-2
815500-3

PROPELLER SYSTEM MAINTENANCE MANUAL

ILLUSTRATED PARTS LIST

ARWORTHINESS LIMITATIONS SECTION - FAA APPROVED
REMAINDER OF MANUAL - FAA APPROVED

61 S

Hamilton Sundstrand

Propeller Maintenance
Manual



Reference Aircraft: ATR 42-500
- Geometry

Nicolas Schneiders, DLR Institute of System Architectures in Aeronautics, 01.10.2024

Jane’s All the World’s Aircraft

Wing root chord m 2.57
Wing aspect ratio - 11
Wing area m?2 54.5
Fuselage width m 2.87
Wheel track m 4.1
HTP span m 7.31
HTP area m?2 11.73
VTP area m? 12.48
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Jane’s All the World’s Aircraft
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Reference Aircraft: ATR 42-500
- Mass breakdown defined via Obert and aircraft history DLR

— ATR 42-300 ATR 42-500

-4 SR CoGUTON 8
STANDARD CONFIGURATION 48 seats e E T
Item Weight [kg] | % MTOW :
Wing 1565 969 Max take-off weight (basic) 16,700 kg - 36,817 b VWeights : :
:'f:::’;fa iotane ;ig? Max take-off weight (option) 16,900 kg - 37,257 Ib Max take-.oﬂ' weght{bagc} 18,600 kg - 41,005 b
VoSl bilghee o Max landing weight (basic) 16,400 kg - 36,155 Ib Max landing weight (basic) 18,300 kg - 40,344 Ib
Landing gear 534 Max zero fuel weight (basic) 15,200 kg - 33,510 b Max zero fuel weight (basic) 16,700 kg - 36,817 Ib
Engine nacelies 366 Max zero fuslwetshttoptrom 45,540kg 34,259 Ib Max zero fusl weight{Sptiony 80040 - 37,478 1b|
Flight controls 195 < Dperational empty weight (Tech. Spec.) 10,285 kg - 22.6 ] < Operational empty weight (Tech. Spec.) 11,250 kg - 24,802
Structure 5788 3584 | Operational empty weight (Typical in-service) 10,900 kg - 24,0 ~ + 1 t erational empty weight (Typical in-service) 11,500 kg - 25,35 1
Equipped engines 1212 Max payloag TarypieaHmreerree-SEW—4630 kg - 10,229 |b Max payloa . . : 512,125 |b
g o ¥ Max fuel load 4,500 kg -9,921 b Max fuel load 4,500 kg - 9,921 |b
gine instrumentation 10
Fuel system 89 Factsheet ATR42-300 Factsheet ATR42-500
Propulsion 1347 8.34
Hydraulic generation 91
Hydraulic distribution 50
Air conditioning 287
Dee-icing 75
Fire protection 25
Cockpit furnishing 79
Auto-flight system 26
Navigation 164
Communication 94
Electric generation 310
Electric distribution 213
Systems 14 876 Changes from ATR 42-300 to ATR 42-500
Furnishing 845
Oxygen N
Lighting 90
‘Water installation 1 H H H Tt H H
e YT * Reinforced wings to allow increased cruising speed and higher weights
endocwserstrpyugh e L « Reinforced fuselage and wing center-section
Ober s s " « Strengthened landing gear
Standard it 401 2.48 H
P —— — * Fin and nacelles from ATR 72
Operationalusme — a0l « Cockpit and systems improvements of ATR 72, e.qg. flight management computers
Operational empty weig 10253 63.49 > ] )
Maimimake ot weight 0w, <166 » Electrically operated main doors @
Figure 4224 Weihtbreckdown ATR-42 * Redesigned cabin, improved noise insulation g

580
Obert — Aerodyn. Design of Transport Aircraft
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Reference Aircraft: ATR 42-500
- Mass breakdown defined via Obert and aircraft history DLR

Value [kg]

ATR - 42 Wing 1600
Item Weight [kg] | % MTOW
Wing 1565 969 Fuselage 2630
Fuselage ) 2587
Verictailone 2 HTP 220
Lan(.jmg gear 534
Fightconvos 195 VTP 365
Structure 5788 35.84
Erabeconne 5" Landing Gear 595
Engine instrumentation 10
Fuel system 89
Propulsion 1347 8.34 Stru Ctu re 5410
Hydraulic gfzne.ral@n Nn
e condtoning. ot «  Reinforced wings to allow increased
Frerocion z cruising speed and higher weights
ckpit furnishing .
Auto-ight e 2 «  Strengthened landing gear
Communcaton o * Reinforced fuselage and wing center-
Electric distribution 213 SeCti on
Systems 1414 8.76 .
Furnishing 845 . Fln Of ATR72 .
et p Engine
Water installation n
Furnishings 977 6.05
Manufacturer’s Empty Weight 9526 58.98
Pantry structure 45
Passenger seats 322
Other standard items 34
Standard items 401 2.48
Delivery empty weight 9927 61.47
Operational items 326 2.02
Operational empty weight 10253 63.49 O E M 11250
Maximum take-off weight (MTOW) 16150 100

Figure 42.24 - Weight breakdown ATR-42

580
Obert — Aerodyn. Design of Transport Aircraft

MTOM 18600
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Reference Aircraft: ATR 42-500
- Mass breakdown defined via Obert and aircraft history DLR

Value [kg]

ATR-42 Wing 1600
Propeller Weight (Dry) 376 Lbs
Jtem Weight kg] | % MTOW Fuselage 2630
Wing 1565 969 H
Fussage e Hamilton Sundstrand Propeller
Horizontal tailplane 220 i
Vertical tailplane 322 Malntenance Manual HTP 220
Landing gear 534
Engine nacelles 366
Flight controls 195 VTP 365
Structure 5788 3584
Equipped engines 1212 -
Engine controls 37 Landlng Gear 595
Engine instrumentation 10
Fuel system 89
Propulsion 1347 8.34 Stru Ctu re 5410
Hydraulic generation 9 4. Dimensions and Weight .
Hydrauiic istribution 50 Gasturbine + Gearbox 990
;: conditioning ii-" Engine Model | Overall Length Overall Width Dry Spec. Weight
-icing (mm) (mm) (kg)
Fire protection 25
Cockpit furnishing 79 PW118 2046 635 390.5 PI’Ope”er 360
A e “ Fiioe 0ic s s
MNavigation 164 5
Communication 94 PW119C 2046 635 114 Structure 365
Electric generation 310 PW120 2130 635 417.3
Electric distribution 213 PW120A 2130 635 423.2
Systems 1414 8.76 PW121 2130 635 423.2 SyStemS 165
Farnishi PW121A 2130 635 434.0
urnishing boed PW123 2130 660 450.0 S
o 3 L
Li;ﬁ:; 90 PW123AF 2130 660 450.0 En gine 1880
Water installation n PW123B 2130 660 450.0
Furnishings 977 6.05 PW123C 2130 660 450.0
- PW123D 2130 660 450.0
Manufacturer’s Empty Weight 9526 58.98 PW123E 2130 660 250.0
Pantry structure 45 PW124B 2130 679 480.8
Passenger seats 322 PW125B 2130 679 480.8
Other standard items 34 PW126 2130 679 2808
Standard items 401 2.48 PW126A 2130 679 480.8
Delivery empty weight 9927 £1.47 PW127 2130 720 480.8
N PW127B 2130 720 480.8
tional 326 2.02
rcsiond enpoye P T— s OEM 11250
Operational empty weight 10253 63.49 CCpwae 2130 720 480.8 >
Maximum take-off weight (MTOW) 16150 100 2130 720 480-8— |
PW127G 2130 679 484.4
Figure 42.24 - Weight breakdown ATR-42 PW127M 2130 720 481.7
PW127N 2130 720 481.7
580 PW127XT-M 2130 720 494.7
Obert — Aerodyn. Design of Transport Aircraft EASA Type Certificate Data Sheet PW100

MTOM 18600

Nicolas Schneiders, DLR Institute of System Architectures in Aeronautics, 01.10.2024




Reference Aircraft: ATR 42-500
- Mass breakdown defined via Obert and aircraft history DLR

Value [kg]
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Item Weight [kg] | % MTOW
Wing 1565 9.69 Fuselage 2630
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et e 2 : ) HTP 220
Landinggeer 534 *  Cockpit and systems improvements of
ngine nacelles 366 .
_Fio ool LS - ATR 72, e.g. flight management VTP 365
ructure
el computers . Landing Gear 595
Engine instrumentation 10 »  Electrically operated main doors
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Reference Aircraft: ATR 42-500
- Mass breakdown defined via Obert and aircraft history DLR

Value [kg]

ATR - 42 Wing 1600

Item Weight [kg] | % MTOW
Wing 1565 969 Fuselage 2630
Fuselage ) 2587
Verictailone 2 HTP 220
Lan(.jmg gear 534
::sht (ontml:s ?gg VTP 365

Structure 5788 35.84
Enginecons 7 Landing Gear 595
Engine instrumentation 10
Fuel system 89

Propulsion 1347 8.34 Stru Ctu re 5410
Hydraulic generation 9N a
e rbon 0 Gasturbine + Gearbox 990
Dee-icing 75
Coct g ié Propeller 360
Auto-ﬂight system 26
Conmiceton o Structure 365
Electric generation 310
Electric distribution 213 . . . .

Systems e e * Redesigned cabin, improved noise Systems 165
Ooven iy insulation Engine 1880
Lighting 90
Water installation n

Furnishings 977 6.05 Syste ms 1750

Manufacturer’s Empty Weight 9526 58.98
Passenger sts et Furnishings 1220
Other standard items 34

Standard ftems o 248 Operator Items 990

Delivery empty weight 9927 61.47

Operational items 326 2.02

Operational empty weight 10253 63.49 O E M 11250

Maximum take-off weight (MTOW) 16150 100

Max Fuel Load 4500
Figure 42.24 - Weight breakdown ATR-42

s80 Max Payload 5450
Obert — Aerodyn. Design of Transport Aircraft MTOM 18600
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Reference Aircraft: ATR 42-500
- Profound data are available in literature

Jane’s All the World’s Aircraft
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Reference Aircraft: ATR 42-500
Performance DLR

ATR 42-500

Installed power 1790

STANDARD CONFIGURATION 48 seats
Take-off power 2,160 SHP DeSIgn range N M 840
T - One engine > .
Yencominuous |__zdo0se Design Payload kg 4560
Max cruise 2,132 SHP
Blades - diameter | 6-393m-1291t \ CrUIse MaCh 0'48
Max take-off weight (basic) 18,600 kg - 41,005 Ib \
Max landing weight (basic) 18,300 kg - 40,344 |b
Max zero fuel weight (basic) [16,700 kg - 36,817 Ib \ um Take-off Power - | Normal Take-off Power- 5 Maximum Continuous
Max zero fuel weight (Option) 117,000 kg - 37,478 Ib 5 min. (*) min. (*) Power
Operational empty weight (Tech. Spec.) [ 11,250 kg - 24,802 Ib 1,500 2,000 _ _ _
Operational empty weight (Typical in-service) | 11,500 kg - 25,353 Ib 2 Maximum Maximum Maximum
Max payload (at typical in-service OEW) | 5,500 kg - 12,125 Ib ower | Air Temp for | Shaft Power | Air Temp for | Shaft Power | Air Temp for
Max fuel load 4,500 kg - 9,921 Ib Rated Power Rated Power Rated Power
e /) Q) (kW) Q) (kw) Q)
Take-off distance - 1342 33 1342 33
Basic - MTOW - ISA - SL 1,165 m - 3,822 ft - 1342 42 1342 42
> TOW for 300 NM - Max pax - SL - ISA | 982m-3221# 5 31 1380 48 1380 48
> TOW for 300 NM - Max pax- 3,000t -ISA+10 | 1,164 m-3.818ft g 37Nm 5 36 1380 48 1380 53
Take-off speed (V2 min @ MTOW) 112 KCAS i 1 28 1342 28 1268 28
Landing field length (EASA Air Ops) 28 1342 28 1342 33
=AUV S0 [ 966m-3.169% Pwisl 1003 26 1454 26 1454 28
> LW (max pax + reserves) - SL [ 906 m-2,972 ft PW1Z1A 1640 2 1476 25 1417 20
Reference speed at landing 104 KIAS PW123 1775 35 1598 35 1604 a5
4 = 2 PW123AF 1775 35 - - 1603 45
an_mmmm 160 KCAS PW1238 1865 30 1687 30 1603 30
B b s TG0 7 S TS T
| Cae-ermgme net ceiling (95% MTOW, ISA +10) PW123D 1604 45 1454 45 1454 53
[MaxCruise speed (95% MTOW- 15A - Optimum FL) | 300 KTAS - 556 km/h PW123E 1775 41 1598 41 1604 45
ue i 811 kofa—t78ETON PW1248 1790 34 1611 34 1790 34
Range with max pax 703 NM PW125B 1864 30 1678 30 1603 45
200 NM Block Fuel | 584kg-1,2871b PW126 (**) - - 1648 28 1648 28
200 NM Block Time | 60 min PW126A 1985 29 1787 29 1769 41
1300 NM Block Fuel | _802kg-1.768 b PW127 2051 32 1846 32 1864 41
300 NM Block Time 81 min PW1278 2051 30 1846 30 1864 41
2051 33 1846 33 205T
ATR factsheets & brochure < pwi127E 1790 45 1611 45 1790 45 D
PWI127F ——e5i— 3s. 1846 35 +HR6% a4
PW127G 2178 35 1973 35 2178 35
PW127M 2051 39 1846 39 1864 48
PW127N 2051 44 1846 44 1864 48
PWI127XT-M 2051 39 1846 39 1864 48

(*) See Note 2
(**) PW126 Contingency Power Ratings: see Table below

EASA Type Certificate Data Sheet PW100

Nicolas Schneiders, DLR Institute of System Architectures in Aeronautics, 01.10.2024




Reference Aircraft: ATR 42-500
- Performance

DLR
Installed power 1790 ~ Payload-Range
Design range NM 840 c000
Design Payload kg 4560
Cruise Mach = 0.48 5000
— 4000
2
1 ‘ 8 3000
>
AMC @
& 2000
- Design Mission 1000
Reserve Mission
( : ) 0
alt. = 23000t Crvise (Ma=0.48) Diversion 0 500 1000 1500 2000
55 P Range [NM]
L ——Brochure Model

! loiter:

——____a@t=as00f N
___________ at.=0ft _________: )

H i & land: & land
taxi-out) - dist. = 840 NM ' taxi-in
6 min. 4 min.

( j

Y
Main Mission
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Reference Aircraft: ATR 42-500 A#y
DLR

- Key data

MTOM kg 18600
OEM kg 11250
Max. Payload kg 5450
Wing area m? 54.5
Wing span m 24.57
Fuselage width m 2.87
Cruise Ma - 0.48
Design range NM 840
Cruise altitude ft 23000
L/D mid cruise - 12.7

Nicolas Schneiders, DLR Institute of System Architectures in Aeronautics, 01.10.2024




BASELINE AIRCRAFT

« Assumptions for 2050 « Comparison to Reference

« Results

DLR
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Baseline Aircraft

- ATR 42 In 2050 powered by gas turbines with SAF

Wing mass - 10%

Empenage mass - 10%

Fuselage mass - 5%

Landing gear mass - 5%

Empennage Dorsal fin area: - 15 %, T-tail (fly-by-wire)
Systems Electric system mass: + 10%

Drag (Cp) -15%

Aspect Ratio 11> 14

Gas turbine efficiency + 15 %

Propeller 8 Blade

Nicolas Schneiders, DLR Institute of System Architectures in Aeronautics, 01.10.2024

Improved manufacturing
Improved manufacturing
Improved manufacturing
Improved manufacturing
Aerodynamic improvement
Fly-by-wire, anti-ice
Improved manufacturing
Project IMOTHEP

0.25 % improvement p.a.

Noise reduction (ATR Evo)

i DLR



Baseline Aircraft

- Geometry

Wing root chord -13%
Wing aspect ratio - 14

Wing area m? 50.8 -7 %
Wing loading kg/m? 340 - 0.3%
Fuselage width m 2.87 -
HTP span m 6.5 -12 %
HTP area m? 9.1 -22%
VTP area m?2 11.6 -1%

22.67m

H T H

26.68 m

< [
< »

Nicolas Schneiders, DLR Institute of System Architectures in Aeronautics, 01.10.2024




Baseline Aircraft
- Mass breakdown

Mass breakdown
20000

18000
16000
14000
12000

10000

Mass [kg]

8000

6000 5410 4g55

4000
2210 2210
1880 1790
2000 1740 1750
: Hm mm BN
Structure Engine Systems Furn. + Op. Items

B Reference mBaseline
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11250

OEM

18600

17270

MTOM

DLR

Parameter | Change to

Reference
OEM - 5%
MTOM - 7%



Baseline Aircraft
Performance DLR

Installed power kwW 1655 -7.5%
— Payload-Range
Design range NM 840 -
Design Payload kg 4560 - 6000
Cruise altitude ft 23000 -
Max. Cruise Mach - 0.48 -

Payload [kg]

~ Design Mission

Reserve Mission
A
f A
i = z 0 500 1000 1500 2000 2500
alt, = 230007t °™'%€ ((I:lla 0.48) Diversion
87 NM : Range [NM]

| alt. = 14000 ft

—@—Brochure AMC REF —e—AMC BSL —@—Design point

loiter:

taxi-ouf| dist. = 840 NM " taxiin
6 min. 4 min
( j
Y
Main Mission

Nicolas Schneiders, DLR Institute of System Architectures in Aeronautics, 01.10.2024




Baseline Aircraft ‘#7
- Key data DLR

MTOM 17270 18600 - 7%
OEM kg 10695 11250 - 5%
PAX - 48 48 -
Max Payload kg 5450 5450 -
Wing area m? 50.8 54.5 - 7%
Wing span m 24.57 26.68 9%
Fuselage width m 2.87 2.87 -
Design Range NM 840 840 -
Cruise Ma - 0.48 0.48 -
Cruise altitude ft 23000 23000 -
L/D mid cruise - 14.9 12.7 17%

Nicolas Schneiders, DLR Institute of System Architectures in Aeronautics, 01.10.2024




Reserve Mission

A
f A
alt, = 230007t Cruise (Ma =048) Diversion
Baseline Aircraft T
It. = 14000 ft
o & A
loiter:
- Con \parison to Reference DLR
take-off alt. = 0ft \appr. go-around appr.
& land &land
taxi-out dist. = 840 NM taxi-in
6 min. 4 min.
C )
Y
Main Mission

Reference: ATR42-500

-2 % Block Fuel
Lighter Airframe

-13.6 % Block Fuel
New Engines

-26.9 % Block Fuel

lL-----------

-11.3 % Block Fuel
Improved Aero

Baseline (2050)

Nicolas Schneiders, DLR Institute of System Architectures in Aeronautics, 01.10.2024




CONCLUSION

i DLR



Conclusion ‘#7
- Summary & way forward DLR

* Derivation of an ATR42-500 as reference aircraft
= Extrapolation of a future ATR42 in 2050 with an evolutionary technology approach
» Baseline is used in project H2EAT

» Baseline with family concept (ATR72)
= Hydrogen Baseline (LH2, combustion)

Nicolas Schneiders, DLR Institute of System Architectures in Aeronautics, 01.10.2024
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