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Performance Improvement Package Application Effect Analysis
- Focused on Airbus 350 Case -

Sungwoo Jang*, Yul Hyun Cho”, Jae Leame Yoo, Kwang Eui Yoo

ABSTRACT

PIP is an abbreviation of ‘Performance Improvement Package’, which is a package that can
improve performance by applying some design changes to existing aircraft. Boeing provides
PIP applicable to B777-200, and Airbus provides PIP applicable to A350-900 as standard. PIP
provided by Boeing and Airbus is a separate task, but it is expected to reduce fuel con-
sumption by reducing drag through aerodynamic improvements. The PIP applied to the
A350-900 includes work such as increasing Winglet Height and re-twisting Outboard Wing. This
study is to verify the effect of PIP application of the A350-900 aircraft and use it as basic data
for economic analysis. The aerodynamic improvement studies and expected effects of the PIP
application were examined, and the actual flight data of the PIP-applied and the non-applied
aircraft were compared to confirm the PIP application effect. This paper provides empirical
results for the aviation industry on the PIP application efficiency as a method of improving fuel
efficiency and reducing carbon emission.

Key Words : PIP, Performance Improvement Package(A534 H7]A), Winglet(3H), Fuel
Consumption(A&4%#), Carbon Emission(8H4Hl&), Fuel Efficiency Index(AF8&4 A4, Fuel
Efficiency Prediction Model(35884 dl& 2d), Economic Analysis(AAA £A4)
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Source: “Delivering Fuel and Emissions Savings for
the 777" by Ken Thomson, Boeing.

Fig. 1. Drooped aileron
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Fig. 2. Vortex generator redesign

RAM Air System
Redesign

Source: “Delivering Fuel and Emissions Savings for
the 777" by Ken Thomson, Boeing.

Fig. 3. Ram air system redesign
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Fig. 4. Extended winglet
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Twast autboard from
Midbox Rib 10

Source: “PIP - Fuselage and Wing Optimization”
in Technical Information, Airbus.

Fig. 5. Wing re—twist
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Source: “PIP - Fuselage and Wing Optimization”
in Technical Information, Airbus.

Fig. 6. Enhanced over-wing fairings &
modified flap support fairings
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Fig. 7. Flow behind an aircraft, from “wingtip
devices” by Doug McLean, Boeing
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Wing with vertical winglet,

/_ 20% semispan

Planar wing

Spanload (Cn * ¢/ CN *Cbar)

04 06 8 1 12
Arc length spanwise / baseline semispan

Source: “wingtip devices” by Doug McLean, Boeing.

Fig. 8. Ideal spanloads for a rectangular planar
wing and a wing with a winglet
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Table 5. Coefficients

Table 6. Fuel efficiency prediction model

o | S
THEAT A | L | %o | B4
B | B e 3 | vir
-
() | 0.801] 0.005 164.04| 0.000

PLD |-0.012| 0.000{-0.956{-172.11|0.000 | 0.99 | 1.01

APM | 0.003| 0.001| 0.033| 2.42|0.016|0.17|6.08

DIST | 0.006| 0.000| 0.089| 16.03|0.0000.981.02

Dummy| -0.004| 0.002(-0.027| -1.97|0.049|0.17 | 6.06

Arasd Ae7h AotdM dmassdo] ot
Aoz e Q= b odH] wstsgo] A4
27T dojdaE v agdAee AA
Amago] Uils Ao= YEHT
FIEAFC] Wordes FFAe] o5 dran
© BordtHi13]. &, duand F7REo] RYHEHAF
7R vl A71el, 291 2& Jige] deadide
FOMAA At

ditdoz 2 APt dojAd dmadsdel ¥
oMl Ao QIAEkL Qe & == 4% 24
Aag B Yok HE= FAYT Aol v
OlFFTHE TSI 1 A 5
o|FdI L FUMISOI] duAarTgo] o HR &
FAO T Aol AT e AoE 253
o &, BU T VISt E =371 AojA
B Az aago] ForrA o, ARl At =2
TF 290 U2 37t duan Hgos I gt
HEFESL Q. B WrE dutslsio] 2ASHX
et 237 draedae] ARdAE 4
Hheslle oot

+F 79 9, 715 #eo] dmaeido] ot IF

2 2Ly
jmrlr_l

an

He 23] Yeldoln oE K5 Rz Hel
1 P AVl B ASw Sels) By, W
£ & SARAPLD Jaeio] rpH oz 45
T, UiA) MEE A uat 429 IR U
e ik

253 92§8M Hn

Table 59 EAHEA HkY, Table 62 A350-900
FE71Y dEEEA 95 Edoltt. F&5¥eE 98
884 Aeola, Y 7He] EFHee} AR AR

=9 499

=
=2 (R Square)

AEFEY A4 = - 0.012X; +0.003X;
+ 0.006X3 - 0.004X4 + 0.801

FEAR dnagy Ae

SN FEEAFE)

EHHS(X,): A8 HIEKAPM value)
EYHRXy): 23 #€(1,000km)

E=984(Xy): Dummy ¥4 0 (Non PIP), 1 (PIP)

0.948

g3l e mdojct,

Table 69] dREE4Y A& ZES o], A350 T
3719 A=88/3E PIP A8/ vjHES FHE510] Table
73} Zo] &39It ARHSIFHAPM)K 1.5, 23A
(DIST)= 9.7x4=nH=E B+ A8S AL,
FIRAFPLD)S A4 #9120, 25, 30, 35, 40,
45807 FHF}

Table 7-& siAshH, A/EAHPLD)ol wet oh=2
A5k, PIP A8 5719 Az ag4o| PIP u&g 3
3719 ARELA Y], 0.65~1.25% $FOE 4
St Aoz yepdth B SHEAF 358 SEA
£ 0.91% F= <kl 2 o] A5 B 4
Zro] AIZALN A AIATGE 1.0% B8A4l0] FAHTH= 5
A9} GARE Aog et

n. 2 2

—

HYAR= B777-300ER &7 AA Alof 7t 7]
2 AJRRE, B777-200, -200ER, -300°1% retrofit 7}

Z A4S B3 #8625 A= PIPETHFS H71A)

Table 7. Fuel efficiency index

o A EA PIP "|&& | PIPHE

N ﬁﬂé_ﬁ‘r*é Ap | TEEO
20 0.624 0.620 0.65
25 0.564 0.560 0.71
30 0.504 0.500 0.80
35 0.444 0.440 0.91
40 0.384 0.380 1.05
45 0.324 0.320 1.25

AR G884 A4 Ton'KmE ARARTF
S (PIP A8 d5884 A4 - PIP n]E&
dAZAEEA X5 / (PIP 2L A7aLA AP).



50 TS, 28

r

, 39 Vol. 29, No. 3, Sep. 2021

£ ARSI, ofolAAlolA= 2018EFE  A350-
9000l 453 W7IA7F 71Eow AT BA
T2 FAgel &7 Y= E=0] 71 outboard wing
re-twist 5= &3 371984 5 A H7IAZ
gelo], dEdEo] oF 1% WE Zolgk= ARA
AL HIFoE AR 2ol AEBEFIl 1%
FZoA o]FoRE=AIE ATTAL Al FEH
ARE ol8dl A350 F5719 AraE S5 2P
= TSt ARaed A54E SEHHFE A4St
of 5 WS, IR, ARl Hakg, &3 A
9] & 47HA] HE SYHSE AAsto] SAREMS
sttt

AR 29 5 Aol £ 250) AHe] e
=YnE Fgos delsign, BHRag 5
wdo] Mgk Slelolth. E3t, 37 Aol X
4 Belg B9 45T ZAG 2 SASE Ay
T gRelskith

S A5 BES olgslel, ARALAS ST
A= PIP AL 317)9 dEagAlo] PIP v|dE
19 AmEE A, 0.65~125% s
B FUYAT 71202 SA5LS e 091% HE £
3 208 Yeh, ARARZE AARE 1.0% T&/0l
LAk PIP 8-S 9 AuaE T 1011 o2
s AZadE 7ue & 9leg skolg 2 99}

B A5 A350 G710 PIP A8 a3t A5

o2 AZI A Ao, chet 2 Aol 3

ol gk,

AR, A4 23 Al FUT S Yk R 8
(A%, &, 97l2m)d gt MpgRE S} vigs)
‘A"ﬂ““ PIP A Aks Br} FEs Mol 5 29

ZRlH, A= SO ofgFo] Stk AR, £ &
‘%«] AsaE/gol digt =71 A5 sl A350 APM
FAE ol8starAt stlon, A350 33719 APM A
28 93} baseline(book value)?] 7<%, Non-PIP
g57]+= basic version, PIP @57+ PIP version
o2 Aolsr]o A350 PIP F5712F A350 non-PIP
5719 APM #9] Aid =] v|uite R ARas
% —?—94% Tstr] of# .
£ Aol dH 7] ARAR] F8H o] H
45 PIPE AuRE Y, AZSEAS sto] g% Retrofit
Aol tigt B 2AA A 5= e A9
AR RS AFsttt. B/C 243 IE B4 &
AEAR1 A B4 ol HWaliM= 71 A7t
st

References

. Boieng AERO Magazine (QTR_03, 2009), https://

www.boeing.com/commercial/aeromagazine
/articles/qtr_03_09/article_02_1.html. Accessed
August 5, 2021.

. Airbus Technical Magazine (October 2018)

#62, Flight Airworthiness Support Technology,
p.35.

. Leeham News and Analysis, “New pictures of

the changed Sharklets for A350”, 2017. https://
leehamnews.com/2017/11/01/new-pictures-
changed-sharklets-a350. Accessed August 5,
2021.

. Jang, S., Lee, Y., Kim, K., Yoo, J. L., and

Yoo, K. E., “Verification of winglet effect
and economic analysis using actual flight of
A321 sharklet model”, Journal of the Korean
Society for Aeronautical & Space Sciences,
49(4), 2021, pp.273-279.

. Jang, S., Lee, Y., and Yoo, K. E., “A321 NEO/

CEO fuel efficiency comparison and econo-
mic analysis’, Journal of the Aviation Mana-
gement Society of Korea, 18(5), 2020, pp.3-16.

. Cho, J. H., Baik, H.]J., and Chang, J. W., “A

study on congestion change of dual airways
between Korea-China’, Journal of the Korean
Society for Aeronautical & Space Sciences,
28(1), 2020, pp.7-13.

. Jang, S., Lee, Y., and Yoo, K. E., “A case

study of aircraft taxi fuel consumption pre-
diction model (A380 Case)’, Journal of the
Korean Society for Aviation and Aeronautics,

28(2), 2020, pp.29-35.

. Kim, H.-J., and Baik, H., “Empirical method

for estimating aircraft fuel consumption in
ground operations’, Journal of the Transpor-
tation Research Board, 2674(12), 2020, pp.
385-394.

. Chati, Y. S., and Balakrishma, H., “Data-drivien

modeling of aircraft engine fuel burn in
climb out and approach”, Journal of the
Transporation Research Board, 2672(29), 2018,



S WA Ag mdt B4 51

11.

pp.1-11.
10. Leecham news and analysis,

“Iberia gets
upgraded A350-900", 2018. https://leeham
news.com/2018/01/31/iberia-get-upgraded
-a350-900. Accessed August 5, 2021.
Bangalore Aviation, ‘Iberia receives first
upgraded Airbus A350-900", 2018. https://
www.bangaloreaviation.com/2018/06/iberia
-receives-first-upgraded-airbus-a350-900.h
tml. Accessed August 5, 2021.

12. Irene Kwan and Daniel Rutherford, “As-

13.

sessment of U.S. domestic airline fuel effi-
ciency since 2010", Journal of the Trans-
portation Research Board, 2501(1), 2015,
pp.1-8.

Yoo, S., Yoo, K. E., Choi, S.-H., and Chang,
H., “A study on reducing aircraft fuel con-
sumption by reserve fuel reduction”, Journal
of the Aviation Management Society of
Korea, 15(3), 2017, pp.67-95.



