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Introduction

= A few months ago, flight crews in an A321 flight reported that
rotation at takeoff occurred without applying side stick input

= This was not the first occurrence
= Trim setting proved correct

= Takeoff data:
» CONF1+F
» T/O weight: 64 tons
» V1/VrIV2: 149/149/152 kt

. = Theoretical study, confirmed by flight tests, confirmed the
behavior
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Takeoff Charts / Temperature Entry A

TOW 64 t

A321231 - JAA  [IAE VIS33-AS engines TEST - I-!
QONH 1013 25 HPA

Elevation O FT TOERA 3500 M

Aidr cond. Off Isa temp 15 C TODA 3500 M DRY

Anti-icing Off rwy slope 0.00% ASDA 3500 M 0 obstacle

Crosswind TUUP TO 20KT
D1 check

OAT CONF 1+F CONF 2 CONF 3

(-- TAILWIND WIND HEADWIND | TAILWIND WIND HEADWIND | TAILWIND WIND HEADWIND

’ -10KT 0KT I0KT -10KT OKT 1IN KT -10KT 0KT 10KT
) 40 1000 37 | 1000 37 | 1000 77 989 3/6 999 213 999 213 936 23 936 213 936 1213
161/77/81 150/78/81 149/78/81 168/79/80 183/91/91 181/91/91 165/75/78 159/76/19 157776179

; 4 §1.5 36 | 832 23| 835 23| 805 36| 814 23| 814 23| 763 23| 763 23| 763 23
: ' 15259/62 | 1626871 | 1637173 | I54/60/60 | 164/69/69 | 1677272 | 154/58/61 | 150/59/61 | 148/59/61
g ;lﬁ 801 3/6 | 815 23| 819 23| 789 23| T96 23| T96 23| TAS 13 T45 23| T45 23
;i ‘ — 154/60/60 | 164/69/69 | 164770/70 | 151/56/59 | 145/56/39 | 143/56/59
o 0 El:llﬂ 219 80 23] 86 23] 6 23| 6 23| M6 3| 16 23
é v 154/60/60 | 164/69/69 | 163/69/69 | 149/55/57 | 1435357 | 141/55/57
; LARHL FOR VR g N ] MC Tref (QAT)= 30 C | Mmacc height 495 FT | Min QNHalt 485 FT
é ]_ ﬁj i IS'E" |I [] LTION Tmax{CAT)= 55 C Maxacc height 1218 FT Max QNH alt 1818 FT
: L | T e
e e ¢ | Correct. VI/VR/V2 = 1.0 KT/1000 KG
% ' DVI-IVEDVIET) ¥=tire speed G=brake energy 7=

<
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IAE 33000lb
CONF1+F
TOW 64 t

Takeoff Charts / Temperature Entry

A321231 - JAA
OAT
C

[AE V1533-A5 engines

TEST -

MTOW 80.6 t Speed Correction ATOW 64 t

163 kt 17 kt 146 kt

168 kt 17 kt 151 kt

170 kt 17 kt 153 kt

[VLIVEDVE D
(TR0 QT ) DA (1000 B2 IOTFLEY,
[V1IVEDVEET

1=1st segment 2=1nd segment :
¥=tire speed G=brake energy 7=

Takeoff speed determination at low weights

:

g 6 801 36 | 815 23 | 8§19 23 189 273 196 273 196 23 45 23 5 23 45 23
_;.‘ - 154/60/60 164/69/69 164/70/70 151/56/59 145/56/59 143/56/59
g - El:lﬁ I _'!I 780 23 186 273 186 23 736 283 7346 23 736 273
é ' 154/60/80 164/69/69 163/69/69 149/55/57 143/55/57 141/55/57
; LABEL FOR ¥ o X 7 MC Tref (OAT)= 30 C | Mimacc beight 495 FT | Min QMHalt 495 FT
2 ]_ |5_"| |5-E- / I:I \TION Tmas(OAT)= 55 € | Mamacc beight 1818 FT | MaxQNHalr 1818 FT
z D (10K 7 TS e
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IAE 33000lb

Takeoff Charts / Weight Entry

CONF1+F
TOW 64 t
A321231 - JAA  |IAE V1533-A5 engines TEST —
> = - AL LTI 2
QNH 1013.25 HPA Elevation 0 FT TOERA 3500 M
Air cond. Off Isa temp 15 C TODA 3500 M DR i
Anti-icing Off rwy slope 0.00% ASDA 3500 M |0 obstacle

Crosswind UP TO 20KT
D1 check

WEIGHT CONF 1+F CONF 2 CONF 3

IUUUKG TAILWIND WIND HEADWIND | TAILWIND WIND HEADWIND | TAILWIND WIND HEADWIND

0KT 0 KT 10KT -0 KT 0 KT 10KT 0KT 0KT 10KT
57 19 31 19 3179 57 709 57 719 5T 119 5T 1 571 19 57 719
66 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
i 112 e — e 15 112727130 112/27/30 112/27/30 111/20/24 111/20/24 111/20/24
;% 57 el PP .'::--| 19 57 1/ 57 719 357179 57T 1 3 57 17
2 6.1 ] 0.0 0.0 0.0 0.0 0.0 0.0
£ 112 - 136 11212528 112/25/28 112/25/28 111/20/24 1112024 111/20/24
5 GRADI/GRAD? (KG/C)
: 50 I 112/31/36 I | su#0 | 3w | 3050 | w4 | w0 | e
: LARHL FOR [WELUEHCE WhEC Tref (OAT)= 30 C Min acc height 405 FT Min QNH alt 405 FT
? W lmin VBN (k) | LIMITATION Tmax{2AT)= 355 C Mlamace height 1818 FT Max QIH alt 1818 FT
y D (M0 K FLE LIMITATION CODES: Min VI/'VRV2 = 11272024
é ._T'-'!.+:'c.-.r.7n L‘:;LF;ZLET“TFR 1=1st segment 2=1nd segment 3=runway length 4=cbstacles CHECK VMU LIMITATION
3 IIIVEDVEET) 5=tire speed G6=brake energy T=max weight 8=final take-off 9=VMU Correct. VIVE/V2 = 1.0 KT/1000 KG

7
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Less Paper Cockpit (LPC) IAE S300010
TOW 64 t
1
é 1
: 1
g :
: 1

7
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IAE 33000Ib
Takeoff speeds / Summary CONPLAE
TOW 64 t
ATOW
64 t Chart with Chart yvith Takeoff Delta Speed
Temperature Entry Weight Entry
V, 146 kt 112 kt + 34 kt
VA 151 kt 131 kt + 20 kt
| v, 153 kt 136 kt +17 kt
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Three ways to determine takeoff performance CONF1+F

TOW 170 t

= Same Scenario for A330

» Runway length: 4000 m, S.L / Current takeoff weight  : 170 tons /
Takeoff FLAP : 1+F

» A330-203 (TFLEX 58°C)
— MTOW 207.2 t V1=161kt Vr=163kt V2=168kt

— ATOW 170t
» Using takeoff chart speed correction : V1=150kt / Vr=152kt / V2=157kt
» Direct computation : V1=113kt / Vr=126kt / V2=134kt
» Speed difference : V1=37 kt / Vr=26 kt / V2=23 kt

» A330-223 (TFLEX 55°C)
— MTOW 202.7t V1=163kt/ Vr=165kt / V2=170kt

orfidentid and proprietary document.

— ATOW 170t
= Using takeoff chart speed correction : V1=153kt / Vr=155kt / V2=160kt
= Direct computation : V1=111kt / Vr=126kt / V2=134kt
. Speed difference : V1=42 kt / Vr=29 kt | V2=26 kt
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Three ways to determine takeoff performance

A340

= A340

The A340 are much less concerned by this risk of
autorotation at low weights because the four engine aircraft
use much lower speed ratios than twin engine aircratft.
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Three ways to determine takeoff performance

= No aircraft performance concern

= No tailstrike concern

= But.... Risk of autorotation

|s the speed correction per ton too low ?
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Mo acc beigm 395 BT | Mim QiHalr 405 FT
Manacc height 1218 FT Max QNH alt 1212 FT

Speed correction for low takeoff weights §

Comrert VIAR VT =1 0 KT/000 KG

= The speed correction has been determined so as to remain at
the same V2/Vs

V& CASET)

150 ﬁ‘_"""_': ________ R B I R I i
145

140

130

120

115

110

105

S0000 S5000 GOO00 G000 OO0 FS000 B0000 B85000 SO000 Q5000 100000 .
WEIGHT(EG) f\ﬁ

© AIRBUS 2006 S.A.S. Al iichts reseived Corfidentid and proprietary document.
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Speed correction for low takeoff weights

Min acc ]J.elighr

15 EFT | Mim QNE alt

Manacc height 1218 FT Max QNH alt

405 FT
1818 FT

CHECKE VMU LIMITATION

Coract VIVEV? =1 0 KT EG

Mm VIVRV2 = 1122024

= For the A320 family, the speed correction is 1kt per 1000 kg

= For the A330, itis 0.3 kt per 1000 kg.

= Increasing this speed correction would lead to get V2 less

than 1.13 Vs in some cases.

It is not possible to provide a higher speed correction

Takeoff speed determination at low weights 15
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Airbus Recommendations

When taking off at low weight on long runway

» Use a direct computation for the actual weight (Less Paper
Cockpit (LPC) or equivalent) to obtain the exact speeds for the
weight.

= ok omh mmk

Takeoff speed determination at low weights 17 OLM FBW 2006
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Airbus Recommendations

2. Use takeoff charts with weight entry:

A321231 - JAA [AE V2533-A5 engines TEST
QINEL 1013 .25 HPA .

2311 26-JAN-08
ACIZIDOIV O

- Elevation O FT TORA 3500 M
Aidr cond. Off Isa temp 15 C TODA 33500 M DRY
Anti-icing Off rwy slope 0.00% ASDA 3500 M 0 obstacle

P TO 20KT

CONF 1+F

Croszswwind
I checlo

WEIGHT

CONF 2 CONF 3

1[]["} K‘G TAILWIND WIND HEADWIND | TAILWIND WIND HEADWIND | TAILWIND WIND HEADWIND
-10KT 0KT 10KT -I0KT 0KT 10KT 10 KT KT KT
57 79 57 719 57 78 57 78 571 79 57 79 57 79 57 79 57 79
68 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
114/36/40 114/36/40 114/36/40 112/29/32 112/29/32 112/29/32 110/22/26 110/22/26 110/22/26
5 571 79 57 719 57 /9 57 79 57 7119 571 79 57 79 57 79 | 57 79
2
< 66 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B 112/33/38 112/33/38 112/33/38 112/27/30 112/27/30 112/27/30 11120124 111/20/24 111/20/24
E 57 79 57 719 57 79 57 19 57 79 51 719 37 N 37T 11 57 117
§ 64 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 112/31/36 112/31/36 112/31/36 112/25/28 11225728 112725728 111/20/24 111/20/24 111/20/24
; GRADI/GRAD2 (KG/'C)
2 [ 50410 | S04 | 20480 | S04 | 300 | 30510 | 040 | 0530 [ o
g LAREL FOR INFLUENCE QAT C DW CODES VNC Tref (OAT)= 30 C Mm acc height 495 FT Min QIH alt 495 FT
Y Vimin VRA?2 (k) LIMCTATION Tmax(OAT)= 55 C | Maxacc height 1818 FT | MaxQNHalt 1818 FT
g
5 T nowovan S=tire speed G=brake energy T=max weight $=final take-off 9=VMU Comrect. VI'VR/V2 = 1.0 KT/1000 KG ~
<)
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Airbus Recommendations

3. Add to takeoff charts with temperature entry one or two lines
giving the speeds for low weights:

o ‘ 03 36| 806 15‘ 09 23| B0 13| 6 23| W6 23| 16 13| TE 13‘ 76 13
Ji 151150087 1838 188 71M IRELSI 1RA &0 R0 1A1/80/80 140/55/57 1435557 1415557
B fom ki f'_“'fi' LIMITATION CODES: Mo VIVEND = 11020724
— *T[':.:DD‘;T:&TLFLH 1=1st segment 3=Ind segment 3=mumway length 4=obstacles CHECK VMU LIMITATION
- §=tire speed. §=brake enerzy T=max weight 8=final take-off 0=VMU Correct. VIVRV2 = LOET/1000 KG
CAVEGET  CONF1+E CONF CONFJ
e TAWDD | WD | HEADWDD| TALWDD | WDD | HEADWDD | TAILWDD | WDD | HEADWDYD
. "7 Additional Informatlon for low takeoff weig 1ts .
) R L R R R R R RO s
s 1123103 B 1120156 | 1123136 | 1122508 o 1122328 o 1122578 o 1102024 § 111204 § 1120

Takeoff speed determination at low weights 19
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Airbus Recommendations

4. Retain the speeds for tailwind, if lower than for current wind

OAT CONF 1+F CONF 2 CONF 3
(-. TAILWIND WIND HEADWIND | TAILWIND WIND HEADWIND | TAILWIND WIND HEADWIND
’ -10KT 0 KT 1I0KT -10KT KT 1I0KT A0 KT 0KT KT

L |

- 793 3/6 806 273 809 23 780 273 786 23 786 213 736 273 1736 273 736 23
153/59/62 163/68/70 166/71/73 154/60/60 164/69/69 163/69/69 149/55/57 143/55/57 141/55/57

» No wind: 206 2/3 | TOW 64 tons: V1=146 )
163/68/70 M IR
} Delta Vr: 7 kt
, 10kttaiwind|| 793 3/§ | TOW64tons: V1=138 | Delta V2: 6 ki
I Vr=144
133/39/62
V2=147 |

(7

=/

Takeoff speed determination at low weights 20 OLM FBW 2006 AIRBUS




Contents

Three ways to determine takeoff performance

Speed correction for low takeoff weights

Airbus recommendations

ument.

Conclusion

prietary doc

(7

=/

Takeoff speed determination at low weights 21 OLM FBW 2006 AIRBUS




Conclusion

v When taking off at low weight, and in particular on a routine
basis:

v Prefer using a direct computation for the current takeoff weight
v'Less Paper Cockpit (LPC) or equivalent
v/ Takeoff chart with weight entry

v/ Takeoff chart with temperature entry with speed data for low

g weights

v'When not available, determine the speeds for the takeoff

weight in the tailwind column, if lower

v'In this case, or if it is not possible, be aware that autorotation may
occur.
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