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£3,650 2 ¢~ $7300 2 ¢ o paf IO E A & 0.53% 0 18/36 Faif
lF'?}i”ﬁ;‘ilgfm,F”ﬁE6O ROFRERELSRAR AT o®

G F T

o

\W

36 183 & % I AR iasy > BB 2RI F 3 AT EZH
FE &3 % 4p 7 & (precision approach path indicator, PAPI) ; 36 #is i
EHFEANCERBERFECRARLY L I ZEEMEEZ 5 ] dFESE
% % % (category I approach lighting system, sequenced flashers , ALSF-
1)~900 =2 &g 2R -
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REV: MAG VAR

AERODROME CHART TAICHUNGCINGCYUANGANG
ELEV 665FT ARP: 241554N 1203715E

HOT SPOT 2 |
W TEZ SR BRI \
7 380M » SR EMER - . <l
Distance from TWY W runway-holding position %l
marking to RWY center line is about 380M. N
Please look out for military aircraft movement. =|
nI
>
ANNUAL CHANGE
0.08°W

m3

HOT SPOT 3
EFAfIEREWIH TE NS - A
AWIETHE - WETEAE T -

Civil aircraft vacating RWY via TWY W2 shall turn
right onto TWY W3, Do not taxi straight ahead onto

HOT SPOT 1
WO > B3 S B Bt
S4R0M » LT EARIRS -

ili Distance from TWY W2 -holding posit
atiliary &pocs. marking to RWY center line is about 480V, Please
look out for military aircraft movement,
Ui T I I I |
200 0 200 400 600 800 1000
RADIO APRON COORD of appropriate TWY Center line points LEGEND
ATIS: 127.75MHz Refer to Refer to table on == Holding position
TWR: 118.75 CCK TOWER AD 2.8 Table verso of this chart D
12025 CCK GROUND ' () Hot spot

B 1.10-1 £ ¢ 3R
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& % /i R R

RCMQ

TAICHUNG/CINGCYUANGANG AD ILS or LOC RWY36
TAIPEI APP TAICHUNG TWR ATIS T
1301 129.6 18.75 120.25 12775 | | /EN
;;l |‘ 4400 t 13000" "
Apt Elev: 665’ Rwy36 THR Elev:563’ Trans Level: FL130 Trans Alt:11,000° e,l \ i) /.-’
BEARINGS ARE MAGNETIC; DISTANCES ARE NAUTICAL MILES; ELEVATIONS, HEIGHTS IN FEET ME-A"I:;;;!M
Eizo* 20 EI?:"‘.F' El7l‘ﬂ
/ gl‘."l‘.
/ / —— ILS/DME
LE§WNG 1500FT CINGCYUANGANG
[ = > = NS ek |
L amm ) / CH52X
s LY
-/ . Yook —— LUDME ——=
5 1/ 210 TC
. 108.4
(IAF) ol cH2ix 1K
| WUCHI /oo i
HLG R-230/31D ,7;’ ’ - g 815t
TC 263BRG/ . g, S (MAP1) A
o - -
TCK 17D 3:/ -.‘ _263- - p ICCK 0.6D
q:b = \':
'y 1267
A
(FAP/FAF)
ICCK 5D —
? FATAN
LG R-202/31D (1F)
ICCK 12D
| nee —
o0
‘I/_ |
1 1
DIST to ICCK 2DME 4DME 5DME
ADVISORY ALT 1290 1930 2250
IAF 1A/
MISSED APCH: F FATAN ‘WUCHI
CLIMB RWY HDG TO 1500FT, ICCK 120 | 5000
oL e gl
TC 283BR | 3 o -
MAINTAIN 5000FT AND HOLD. I(SEK"‘:)% 3 260 :M ; :
2200 |

[=—— HLG 3J10ME ARC —~

gp 3.0° AN B i | \
RDH 5 | | 1
NM FROM ICCK L | | 1 1 '\u | | 1 1 | | | 1 1 | | | | 1 |
5 a 5 ] 15
2 MINIMA (OCA IN FT, VIS IN M, OCH IN FT) LCIRCLING NA EAST OF RWY.
2.CAUTION CLOSEHN OBSTACLES
-] CATEGORY A B c D (TREES) 704FT MSL, 150M
|
= FULL | 863/mf™s0 200 863/mi"e0 200| 863/mi™s0 200 863/mi s 200 | NOTIHEASE OF THR 18.
g FULL @ | 863/Ava ss0 200 | B63/AvA ss0 200 | 863/AvA 550 200 | BBI/AVR 550 200 APPROACH IS FLOWN USING A
a ALS OUT | 863/mvieo 200 | 86F/vf 0 200 | 863k oo 200 | 863w o0 200 |  FLIGHT DIRFCTOR HUD 0R
° Loc FULL |1260/H%00 59512601600 595 [1260/2000 595|1260/2000 595
I
| (P NOP)[ a1g ouT | 12601600 59512601600 595]12602700 595|12602700 595
Wl CIRCLING  |136041900 695/1360/2800 695/16004400 935|1600/4800 935

Bl 1.10-2 36 §a:g ILS &3
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1102 Fagéf @

AEDB N EFEEP T I08 & 49 21 p K 0500 pET A
PR RS ERES e R TR IOBEFRFLY G 3
Bk 382 ok (4@ 1.10-3 22 1.10-4)~ 7 SRR 2 4 6 A B2 B % (e
B 1.10-5); 12 2 §E 36 §4:f £ &) 2,000 *= I 4,500 = @ 2 & |5 if of
MART R 3 G Mok 0 oW 1.10-6 £ 1.10-7

B 1.10-3 g FHEFw 2 Ik E(-)
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1.10.3 s i R

$ 0 e A Gckp hd 4P s sb g b N e p A
SERE Y BE S (ICAO) e 2 i 55 Bl iichs R R
¥ (griptester) » > FEAEEGE ¢ L AA B3 T 35 0% o PR 65 o 2
[)PEE 95 28/ pEs R pEaE R IRT R L 2B RGE T HRR R
1 B3 AL BEGETDER 024 (FFE 95 22/ ) &
0.43 (FFiE 65 22/} pF) 5 MY » s sb 2 TE I L % 0
# fdnn 2 (NOTAM ) > g i TR »0 R e ac i id ) 2 &
PREFFPFIEIRLIRALA T 1IBIAREZ BEGERTHOE
$.0.36 (PFiE 95 22 /[ ) & 053 (pFig 65 22/ pF) L i

ST N[ MR ES YRS O A

TP EIT- HRIEE

37 BT e BT - S EE BBk R BT A R 108 £ 47
VIPEE 65 2 PEE 95 28 /) PRI 2 K ek
1.10-1 &2 & 1.10-2 -

14 p (7 & 5

z\ 1101 1;«23”& T- =X EEJ 65 \gll @Klé‘ﬁi%ﬁf

. | FLB3®"A | iy Lo
fa ip ¥ 'in " $2B3®RAEK (FIBI3RALEK| BB
0.67 0.69 0.64
18 0.66 0.67 0.62 36

% 1.10-2 % & Bt - S priE 95 o B/ pF AR Tk R %

R L B3I®ES | S DV T

B g ¥ lin m F2@B3I®RAEK (F3B3I®TLSE | BB
0.68 0.71 0.63

18 0.66 0.66 0.61 36

BRI XKRRESE
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£ 0 BT s BT

- g B BcRR Y AR 108 & 57

19 p (7> A | priE 65 2L/ pFg 05 2 8 /] Prigipl2 5 % 4o
1.10-3 87 % 1.10-4 -

% 1.100-3 F o is BiT— S pEid 65 2 R[] pE AR A i Rl %

" F1B3I®"AL | ., _ N DY - " Lo

B 3E ¥ 'in F 2B3HRAE |F3B3RAK | B
0.65 0.66 0.62

8 0.68 0.69 0.64 36

% 1.10-4 Fais BiT— ApFiE 95 2 2/ FFAEGEE PSS

. 51 B3 F®A | . - P - . L
HERv b 'in m S2B3IRAEK(FIBIRAEK | B
0.67 0.68 0.61
18 0.66 0.66 0.62 36

Fah b2 BEEGaE R T A Y

1104 E2ALZFAAMUI 2L 2R

jag%?’w‘a] 103 # 9 7 20 p #12 4%
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Rk &

G E P
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# o TR F P HAGE R R

BT S

LR ERT =N
L E o AR FE S

ASR-15-11-010) #p B & 78 f& 733 ivd f‘rf{]‘m}‘lj%‘ P oo

1.10.5

Uit ac S A

'FLFLA?V g At w#ﬁ EFEH
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B R
3.1.19 #H E

?ﬁ—éﬁjﬁw’ﬁggﬁﬁWJ#?%éﬂ’yﬁﬂéd

%ﬂ% EEFFRFEFEL LR PP A R
= ﬂfﬂ/ﬁ‘/ﬁ’%,ﬁ :

—1.5% : &< ) 2 F C-DE&AF 2 faif o
—2% R ) NS ARNB 2 o
FAE R R A Je = 3 i o A o) 1% S R E
[TEFRR S BRTEL HEPE R EFT )3 1% -
Ca
10.2.2 fif i w < F g 777 g Fhg B2 7 TH fFRo
ity A AT g E

55 BEAREL R TN G EL Tk
it 3mm EE o FYEFEEEEBEFF WIKG o HER A
#z EF (aquaplaning ) > 428 (WET) Z K33 1 7 o 77 5 K jF
B R g A

111 BEEE
1111 R4GE 3 B4E

KR FAE N A453E 5 44 E (cockpit voice recorder, CVR ) »
#i$ 7 % L-3 Aviation Products 2 7 » 3.2 B B4 u] % 2100-1225-

22 2 001197709 - 37 44355 S BE & 2 | B3 & T3 ebri
2

ol



Ao B Rs Bk P ERAE SR RERRE SR BRI LT
b % &ﬁa?pié Fh oo ;f},i_l%%;ﬁ BEETRRGLY B ET R
o CVR #7342 3§ T AL 124 & 15 F)> & 2325084 & ~ o
i@f%%%uﬁiiéz%ﬁ@ﬁ’ﬂé JEAH AT R FZSENG
10 A & (4%t 2 1) o

1112 BRFHEHET

AR B FDR > @i 7 5 L-3 Aviation Products 2> @ » i
B2 B LA W] 5 2100-4245-00 2 001234900 - F 25 4 15 0 & § 24k
BRI B R ENEE R GRAT R BTG 61 o] PF 58
A A8 24 ) T 0 g Slick 1 82138 -

A ez PFRF A 29955 CVR & FDR #rieérz W4T & 28k
#- CVR P 22 FDR F 4% « FDR T T 4123 18 > SRR 2 FAL
EHTE o AP BT AR R T

W

R

1. 2117:45 p= > éi*ﬁﬁﬁ”“f BER O ERTF R 350K 7 11372
/P > B iE 1108 /p% » Bdue 1 B > Bos2 478/ > b e 323 & o

2. 2118:12 P » %480 iFEaE BF SN EGE P SRR b o ART
BRA6R o FiE 11472 /pF > ik 112/ > -8R 07T R » B
fue 3R RESE/F LT LR o

3. 2118:16 P& » 3% ¥ pEEa 1 57 X) 850 R » S 3t g ¢ AR o
ERTBRE 16 > Z33 114 3m/pF > 2@ 1122/ 28R 4.1
Bogfue OR h#ESR/F > Lw 4R o

4. 2118:22.625 P& » 348+ A # 3 RS E BR 5 2,010 *R 3 5 fP =

> SERVER LETTER ATR72, No. ATR72-31-6010, Revision No.12
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B REESIE P OC AR 2 P 65 5 7k 107

= O A N

S

s BRAe 1 R o

f2d ddefy

ST BT s

((((((( & 9 = air/ground |

B 2 B BRI R ER R R B 2B T 4
o ERE A R R | Biuw
(air/ground) (air/ground) (B) (R)

2118:22.875 p# | air — ground air = 1.1 359.9
2118:23.5 F¥ | ground — air air + 1.5 1.3
2118:24.125 ¥ | air — ground | air — ground | + 4.5 2.1
2118:24.3125 p¥ | ground — air | ground — air | + 4.5 2.1
2118:25.5625 F¥ | air — ground | air — ground | + 4.1 10.0
2118:26.0 F¥ | ground — air | ground — air | + 5.4 18.9
2118:26.8125 F¥ | air — ground | air — ground | + 4.9 18.9
2118:27.0625 F# | ground — air | ground — air | + 4.1 22.6
2118:27.25 p% | air — ground | air — ground | + 4.1 22.6
6. 2118:24 pF > %48 2 2 ¥ >V EERSE EE G 2,280 R ip EaiE 0 F iR

104 ;2 /pF » 3z 102 2 /pF » Bdue 2 B o

6 1;:}7?“%,& FDR f23 <~ * » li\f;ﬁ#%q_jéﬁ_xﬁlt Mground | ¥ & 3 B ® 25
AE RSB G 0 2AE N E T BB S g Tground | R H E R S A AR 2 f imAs
3ERRAY /* SRR R
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10.

11.

12.

2118:26 FF > 3% 48 = 4 ¥ T RS B K 2,640 »R > fEFa i B 40
B9 15 > 23 96 L/PF 5 b iE 9278 /pF > BAuw 19 B o

2118:28 P » 2548 £ 3 B>t BEAF 57 4 2,880 v iE v §aiE 0 7 iF 86
/P e i 81 R /pE s b 19 & o pt PR A ¥ 2 T master warning |
% [master warning (CAC2) ; $-#ciTd 33§ 3 4 » k& o
% B 4 B2 87 (engine warning display, EWD) ¥ & 7 11 LT ENG
2FLAMEOUTINFLIGHT | #2 5 » ¥ 1 #4835 # ¥ & "ENG?2
FLAME OUT ON GROUND | &2 F o

2118:36 PF » 37 45+ FERAE 579 3,640 % 0 Fai ¢ B2 99 50
W 70 #i# 358/ > gidne 8 B 0 EWD AR ARA 5
"AFTER LANDING | #2 /4 T 454 2 3248 % b i (7 -

2119:21 FF > 374 i 1k 2 FEESE 57 ) 4,530 = > Jaif ¢ e MR B1Y
60 P AL LR v iR D ¥ aEE o

2136:07 P » 3540 B84 R B e 0 T 0 8 2146
PR B LT ¢ g sk (BB 5 X 2148 P5 FDR i e b o

B 111-1 2 B 1.11-2 2 F iz e rp oz BT £ 8 B B 1.11-
3 E AL T BB R -
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g"‘:} Main Gear A/G (/) l | W [
ai |
n 1
o d} All Gear A/G (/) l W |
air- Al |
Y AP/YD Enga. (CAC 1) (/) :
M war
n}varn—, Master Warning (/)
: | 7
_| Master warning (CAC 2) (/)
10. Master Warning (CAC 1) (/) 1.00 20
s LOC Deviation 1_dot (dot) /\—/\_4_ -10
Drift angle 1 (deg)
0. ““’%j — 0.00 (-0
.5. MHDG (deg) 10
-10. -1.00 20
5.0
Roll angle (deg)
0.0 0.50
-5.0 0.25
Lateral Acceleration (g)
0.00
1.9 -0.25
Vertical Acceleration (g)
1.0 WWWW\/\/\ -0.50
0.8 Computed Airspeed (kts) w 120
Ground Speed 1 (kts) [
as 20
HE &0
30 Radio Alt 1 (ft) €
15 #.\g 30
Wind Speed 1 (kts) 5w
,,,,,,,,,, s — —— F
o © ) o © N o n N ® )
< < n n o - - N ] ] <
N N N N @ o ) @ @ @ @
- - - - - - - - - - Lal
) o) ) o) o) M 0 ) ) o) ]
Ll - - - - - - el Ll - Lal
UTC Time
-PJ'“ 1 Vo s = Jy 55
B 1.11-1 s b Fp B 20 4% FUR 7}—?] B (-
g""} Main Gear A/G (/) l I ,
air-
gn
d} All Gear A/G (/) A [U"
air
Y;H AP/YD Enga. (CAC 1) (/)
M war
n}varn—. Master Warning (/)
- I —
_| Master warning (CAC 2) (/)
70 Master Warning (CAC 1) (/)
ITT 1 (deg C)
50
ITT 2 (deg C) Y
30 \ NH 1 (%) 90
9010 NL 1 (%) NH 2 (%)| 70
7 NL 2 (%) 50
5 30
3 —90
NP 1 (%)]| +
3 TQ 1 (%) B
2 TQ 2 (%) =2
1 3060
360 & o
(deg)
20.0 Beta 2 (deg) 20
PLA 2 (d
4501010 Computed Airspeed (kts) (deg) w®o
Ground Speed 1 (kts) ES)
2y
300-{0-0 Radio Alt 1 (% | | HE B8O
15 =| B 40
Wind Speed 1 (kts) | R
in pee: S i
- o
o © ) o 0 N o n I ) n
< < n n o - - N ! ] <
N N N N @ © ® ® ® @ ]
- - - - - - - - - - -
) 0 ] ] ) M M 0 0 ) ()
- - - - - - - - i -
UTC Time
R T R ra 2 )] S _
) 3
?] 111'2 ‘/5‘.}, s }(g -FA-L 'ﬁ’(‘-‘?mﬁ 7}\-;?] g] =
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EZTTY]

Google Earth

B 1.11-3 & Subit R

112 #y BABGERETH

1121 a2 BEFER

1122  HEE R

TEIFER BT ERFS TR AARR 0 04 ¢
36 s IR B B E AR R BRI Akl T L
FE i EECEORRE P A LI2-1-E RIS E R L AT

FE36 B3 B ) 2,280 R e E B Hh B e R e 2k 1 36
B PRRABIRE T e AR NAR T ERBATE TR
P 4o @) 1.12-1 2 B 1.12-2 #777 > F 8205 36 §4 1 5 %) 2,880
FdE W ESIEE oo Bk i R R S LT 120 & 37 A 1488 )~ A
22 B 15 4 39.59 #) o £ iRl = % 23748 FDR & i 2 fp 4o 1.12-3
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# 1.12-1 F RS2 RA P

TR BE 36 B4 i B % (R
FRg iy 2,050
WL AWG N E e =k 2,280
WL AME N E R 2,500
S LA BT IE e 2,700
S LAY FE G =k 2,880
b5 2,230~3,800
5 2,010~3,770
[had -} 4,530
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B 1.12-1 % e i D 5aif 2o

Bl 1.12-2 & &4 iE w s i & 7o
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X BREGBE/ BB EamE
O FRig

© 8 %

— A EELR

— A EXHRR

— %M FDR AR AT LR

s

1000 ft }
-

B 1.12-3 35 Bl = % & FDR # Ui £ & B

113 FRapm

& 4P MR A -

& 4P MR A -

115 2 E7F4

& AP B SR AT o
116 Rl@amz

1.16.1 [k 3% & Bl

FERERPS A AI AN oD L B LY BT
B N T AR AR AR TR SR e RIPIERE K
ﬁ3&w$’w$%%ﬁﬁ%@%1ﬁﬁ»ﬁﬁwﬁiﬁﬁ£@4ﬁ
AL F TN T EPRPEEREFEIEPHRIRSBEE DRER
TR BERA4cd 1.16-1 ¢
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% 116-1 #P st il %

Wt S | e 4 (PSD) | T 3275 RIE A (mm) 1
1 129 10/ 9/10/10 NN
2 129 10/ 9/10/10 IR
3 129 10/ 9/ 9/10 NRIENETE
4 128 10/ 9/ 9/10 MR R
5 69 4/2/2/2 = B3 %
6 68 3/2/2/3 < ) %

1.16.2 #HUBRFEBIFEZ T3 Pl

mRIFF LY BERE S ER kS R | e
Felrz BE AL 2T T 17 B RFERF B3
FSLRATIELERAA MBS T ES N Fiag BB AR
KET o FHEFPF D AREE 2GRN T 2 T BIREESR
B 4o o

® FkARW AL S RITT LGEPHEAEFE 8 1 12 W F
FER RS R BEARY € B AR B BRI B2

ol s 7 e R o 2 2]

—-\\

® FokSERX AL 32K RSP 81 10 LT
FRARBE SR RN € Rk

O FLpRIEL DI ZKRIRT I ESHEREE 63
PALYS S (EH-2 WA 7 § X BERF R

TR EAPMEE R 2 B B A8 1 L Bds5 L Bik o
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117 ERpim
1.17.1  #ui3 e
Frp Ao 2 suir < p (flight operation manual, FOM )

B H-R 107 & 70 23 p 4 s ikgpiZ FOM P 3 0 Suib ™ K
WHIR 2 St 38K 3 MD80 2 ATR72 & ﬁ‘il‘ix ¥ K

k] 7fi ’
fop A B2 B P BGRINR] M 2 ﬁﬁ(%zrﬁ] 1.17-
1)
AUH IR 48 8K 8]
Flight Operations Division Organization
R
Flight Operations Division
| 1
fRERED RiiEsEh
Fleets Department Flight Operations Department
|
iy PR ) v
MD 80 || ATR 728454 || Standards & || Crow Diepateh || Performance L
MD 80 Fleet || ATR 72 Fleet || Evaluation || & Administration || Development raining
Section Section Section Section

B 1.17-1 i L #is bl 3 )

bk L4k 2 FAL > ATR72-600 $5F 437 106 & 2 ¥ 18 p &
GuB Y A 52 107 & 90 25 %

Aan

A FIEFh RE 107 P
U F o % i L ATR72-600 482 #® 5 4 % >

B ¥
PWHRRER 1T L P RAERE2 L2 ERE 6L F
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1172 #grEp

RV PEE L FOM > B $4ER ~ 28 TR 2 - 25
5EH S PR 2 ARM N F Aoitdets

1.17.2.1 BEpFF

A FOM % 47 & > 3 BEE R f 2 $5F F R e R
1.17-2 :

472 42 fefiéa 8 Standard Flight Crewmembers Composition (AOR 37) (AOR 38)
THR B AL B A A AR S

Anms pern Ak 24 B AL B ]
AP e d L R
Aedn | R | AR | Rean | T Bk s | SR 30|00 & |st 12 1@
SR | AR | B | 5RT | kesER | B xM | M A
A AR o = ;
fedn | ek
A Ak g £ ﬁ'&ﬁfﬂﬂ# ﬂ:ﬂiﬁfr Hr*rﬁﬂ '?:E%m
RAERMAR | <3 | >11 <12 | 10| MI=8 | M>8 | =14 o | <300 o
e <32 =30
e | #He <32 | >3
>10 >18

B 1.17-2 £ 28 F &l B 2§ pr P2 2
11722 2R RFRER

FAFOM$ 5% » w A FRERF M P FL  imz b
KiBAzZ N TR 4o

5.8 & #* # ZThreat Management
A [&F] Zfy s pd F&me o LFd FRIGN s ivin fj 3 ek pff
o S FE P e T ETEE g et 2 AL AR %
DR % FEF T aEFEErTOr) F iy [ e

B.ohpd ez q il

jr<N

D. 17 g ig #p 22 2L & oy
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7.1.11.

Z
o 3 -'fifﬁif.fihﬁzﬁ'i% LF T RAE A e
%‘

g
p
el ALY 70 N

B g A SR
u ? v’i‘g /Z‘T@— 2y ra ﬁ/y °

5.10 /£ X i #2 Decision Making Processes

5.10.1 :7 7/ General

ANTER- BEFEEZE (SAFE) X flmfFine fZeF 2
o SAFE Z 7 -

S State the problem # /7 /2 48

A Analyze the options 4 #7:£ 7

F Fix the problem :c.7 £°47

E Evaluate the result ;=7 . %

5.10.2 &+ 4 Priorities of Flight

LKA B BAEE FS R
A.% 2 Safety

B. 2. # Punctuality

C. X z #7:f Passenger Comfort

.2 72 Economy

1.17.2.3 EH2 £

%4 FOM #2232 & BApM 2 ] 5 4o ¢

&4~ Approach
A. 17 /] General:

b. ‘;f/if:" £ T AEE S FpAeg B F e s 43 DAIDH £
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MDA -

(@) 4z Biy JEF 45T F B T T B R E T S TR e A
TEHF

(b) &4y L& 7 6 FF G FEHARS TR LT AR IE

[4

(C) Feeim fl iy F &+ P AR 7R hif i AT H P2 - (A
HFEMEERE L FERE 100 R pE o EHETER ELT) S
dor F FF | fo {f B B AEl L B E PR T Ry o FHE R
FIER G FER /,fm,gfwﬁz,é HEFE FasE i o

3 DHIDA 2 MDA 7 » 4% PF & B RGLTF R » T

JF = TR R EHARS R TE A T fr'i.’r’%‘,?' 0

7.1.14 # 4 Go Around
A 73572 BERTEHFLN TR EF R m IFEEFT 2 & — = X777

FH o E- T f g By T LA B E T R TE &
(FE i A F A TL1L) o

B. E#ELZ FAF  HHTIAFEEG o FiP 7
B A AT HN R 0 jedh s A JF IR B tie 24 e
- L EEHRT FEFe Trip Report » B G v i@ v T EHRE

FLFC
FH o
C. B4 2H F Ao 4 242 (Miss Approach Point) 2 2 _+ # & 454 /7 -

B
e
}n
&
K
s
-
g

/H%’%«ﬁ/ﬁ»//ﬁﬁsg@/%g\ﬁ ,?,ﬁ,\f;g;éff(,;gjl ;é%if‘ﬂm—(’_f‘7/‘ij
de i f (PF/PM)/@@"'L**%/VE‘% FES o I EE AT D oo
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Newly constructed runwa
SUrfate YDry - Damp 30

Good Directional control is normal Wet 25

Directional control is between
good and _medium, and
Medium corrective maintenance action

should be Wet 15
considered

Directional control IS

Poor /Nil significantly  reduced or Contaminated |Take-off and Landing is

iuncertain,” and corrective forbidden
action should be initiated
immediately

* Refer to FOM9.12. Fluid Contaminated Runway

Note **Please refer to AIP for runway;s friction value

1.17.3 $Fir L p

1.17.3.1 Bt p

Ty Ao 2 BanE p (airplane flight manual, AFM )
-k 3107 & 11 % 22 p 4 e 3% AFM 25 L 5a:g 4p B 2
B ACT L

13 CONTAMINATED RUNWAY (ADVISORY MATERIAL)
13.1 GENERAL
13.1.1 Introduction

This information has been prepared by the manufacturer and approved by the
Authority in the form of guidance material, to assist operators in developing
appropriate guidance, recommendations or instructions for use by their flight crews
when operating on wet/contaminated runway surface conditions. Unless otherwise
stated, this information does not in any way replace or amend the operating
limitations and performance information listed in other parts of this approved
Airplane Flight Manual.
A non dry runway can be:
- Wet: well soaked but without significant areas of standing water

Note - A runway is considered well soaked when there is sufficient moisture

on the runway surface to cause it to appear reflective.
- Contaminated, if more than 25% of the required area are covered by the
contaminant.

39



A runway may be contaminated by:

- Standing water: depth higher than 3 mm (0.125 in)

- Slush or loose snow, equivalent to more than 3 mm (0.125 in) of water
- Compacted snow

- Ice.

13.1.4 Landing

Three cases of contaminated runways have been considered:

- Water: applicable for depths between 3 mm (0.125 in) and 12.7 mm (0.5 in) of
water, or less than 12.7 mm (0.5 in) of slush, or equivalent depth of loose
snow

- Compacted snow

- Ice.

The landing distance is computed with, and without the use of reversers. Since the

effect of asymmetrical reverse thrust is not predictable with a sufficient accuracy on

contaminated runways, it is therefore not recommended to use single engine reverse
thrust. Only the actual landing distances without reversers are to be used for flight
preparation......

11732 e R HJiELp

T A it 2 Baue g &L (flight crew operation
manual, FCOM) % % - %% > »* 107 & 11 ? 22 p 4 %% - 3% FCOM £
S RFAEARRE 2 P F AL o

11733 Sy HLp

RypB A 107 &£ 7 8 25 p A it 2 AR E P (pilot
training manual, PTM) % 2-94 F > 5 BRF 2 =4 pag 2 ivp T R
~ 4o U5 Wet and contaminated runways operations ; Please refer to
FCOM 3.03.03 p2a and AFM 7 _03.01non dry runways. | ° 5 & 45 & L 3%
&2  FCOM 2 AFM p % » & & FCOM 3.03.03 2 AFM 7 03.01 2. &

5%

By o
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2.1

1) On Ground

Even if not required for turbopropeller aircraft, ATR recommends the following procedures
for noise reduction on the ground.

- Do not use reverse while taxiing
- Minimize the use of reverse at landing.

2) In Flight
No particular noise abatement procedures are recommended in flight.

3) Local Aerodrome Procedures
Refer to published airport manuals.

ANOR.5 WET AND CONTAMINATED RUNWAYS OPERATIONS
ANOR.5.1 Runway Surface Conditions

0.1
The runway contaminants significantly affect the takeoff performance.
The following section gives the definition of the different runway states and their related

influence.

Terminology used in the ATR documentation.

Standing water Caused by heavy rainfall and/or not sufficient
runway drainage with a depth of more than 3 mm
(0.125in).

Slush Water saturated with snow, which spatters when

stepping firmly on it. Slush appears at temperature
around 5 °C, and its density is approximately
0.85 kg/I (7.1 Ib/US gal).

Wet snow If compacted by hand, snow will stick together and
tend to form a snowball. Its density is
approximately 0.4 kg/l (3.35 Ib/US gal).

Dry snow Snow can be blown if loose, or if compacted by
hand, will fall apart again upon release. Its density
is approximately 0.2 kg/l (1.7 Ib/US gal).

Compacted snow Snow has been compressed (a typical friction
coefficient is 0.2).

cont'd... »»>
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Ice The friction coefficient is 0.05 or below.
ANOR.5.2 Effect on Performance

470ck | ib22fd8e79 14

1) Effect on Performance
There is a clear distinction of the effect of contaminants on aircraft performance.
Contaminants can be divided into hard and fluid contaminants.

- Hard contaminants are: Compacted snow and ice. They reduce friction forces
- Fluid contaminants are: Water, slush, and loose snow. They reduce friction forces, and
cause precipitation drag and aquaplaning.

2) Reduction of Friction Forces

The friction forces on a dry runway change with aircraft speed. Flight tests help to establish
the direct Relationship between the aircraft’s friction coefficient y and the ground speed.

oA
A

SPEED o

ICN-XX-Y-000000-T-FB429-01015-A-01-N
- Fig. 1 : Friction Coefficient vs Aircraft Speed -

The friction coefficient p is the ratio of maximum available tire friction force and vertical load
acting on a tire.

3) Precipitation Drag
Precipitation drag is composed of:
- Movements drag: Produced by the movement of the contaminant fluid from the path of
the tire
- Spray impingement drag: Produced by the spray thrown up by the wheels (mainly
those of the nose gear) onto the fuselage.

4) Aquaplaning Phenomenon

The presence of water on the runway creates a water film between the tire and the runway.
This results in a reduction of the dry area. This phenomenon becomes more critical at higher
speeds, where the water cannot be squeezed out from between the tire and the runway.

cont'd... »>>
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Aquaplaning (or hydroplaning) is a situation where the tires of the aircraft are, to a large
extent, separated from the runway surface by a thin fluid film. Under these conditions, tire

traction drops to almost negligible values along with aircraft wheels’ braking. Wheel steering
for directional control is, therefore, virtually not operative.

NO REACTION
TIRE/RUNWAY
ﬁl‘ol\ NO BRAKING CAPACITY

DRY RUNWAY

CONTAMINATED RUNWAY

ICN-XX-Y-000000-T-FB429-01016-A-03-N

- Fig. 1 : Aquaplaning Phenomenon -

ANQR'5'3, 7 Arirqrraft !Vlanufacturer Data

83a73"

14
The aircraft manufacturer has to provide applicable data for operations on runways

contaminated by one of the above contaminants, as follows:

ATR provides guidance material for the following runway contaminants and maximum depths,

in the AFM Refer to PRO.SP0O.2.4.2.15.2 No Dry Runways. Takeoff is not recommended when
conditions are worse than the ones listed.

Water (fluid) <3 mm (0.12in)

3t012.7 mm (0.5 in)
Slush (fluid)

3t012.7 mm (0.5 in)
No depth limit
No depth limit

Compacted snow (hard)
Ice (hard)
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ANOR.5.4 Takeoff and Landing

b0a88bcf-c41¢

2436bb70b8: : 21
Actual Landing Distances are certified on dry runways for all ATR aircraft, and published (for
information) for wet and contaminated runways (Refer to LANDING and Refer to
CONTAMINATED RUNWAY (ADVISORY MATERIAL)).

The following table relates reported p to estimated braking action and equivalent runway
status.

Good 0,40 and above 1 1
Good/Medium 0,39 t0 0,36 2 2
Medium 0,351t0 0,30 3/6 6
Medium/Poor 0,29 to 0,26 5
Poor 0,25 and below 7
Unreliable Unreliable 8

Equivalent runway status:

1: Dry runway 5: Slush or water for depths between 3 mm and
13 mm
2: Wet up to 3 mm depth 6: Compact snow

3: Slush or water for depths between 3 mmand 6 mm 7: Ice

4: Slush or water for depths between 6 mm and 8: Runway with high risk of hydroplaning
13 mm

ANOR5.5  Takeo

3870428-3142-40a7-¢

1.3
1) Specificity of the Wet Runway

On a wet or contaminated runway, the screen height is 15 ft in case of engine failure, i.e. the
gross takeoff flight path starts 15 ft above the takeoff surface. Although the net takeoff flight

path starts at 35 ft in any runway condition. The start of the gross and the net flight path are
thus different in case of wet or contaminated runway.

cont'd... »>>
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RUNWAY

~”"GROSS FLIGHT PATH

¥ NET FLIGHT PATH
Sl
\%‘é/ _ e
P s
e

TERRAIN
ICN-XX-Y-000000-T-FB429-01019-A-02-N

- Fig. 1 : Gross and Net Takeoff Flight Path -

TAKEOFF POWER

WITHOUT ENGINE FAILUI

RE

POWER REDUCTION

+ BRAKES APPLICATION

V=0
7 2
ASD
I N (DRY or WET)
WITH CRITICAL ENGINE FAILURE
POWER REDUCTION
N TAKEOFF POWER oy RTO = + BRAKES APPLICATION gy
V=0
v
EF
LV
7157 25
ASD
= N-1 (DRY or WET)

ICN-XX-Y-000000-T-FB429-01020-A-01-N

- Fig. 2 : Acceleration-Stop Distances -
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1) ASD definition on a contaminated runway is the same as on a wet runway. The
values of the ASD on contaminated runways are given as advisory materials (Refer
to ADVISORY MATERIAL-NON DRY RUNWAYS), and are demonstrated with the

use of reversers. Additional information on the correction to apply when decelerating :
without reverse is available too.

2) The TOR, TOD and ASD requirements differ between dry runways on one side, and
wet & contaminated on the other side. :
For instance, the screen height for wet and contaminated runways is decreased to
15 ft when determining the TOR and TOD. Or the use of reverse thrust is permitted if :
determining the ASD on wet and contaminated runways, although it is forbidden on
dry runways.
However the takeoff limitations on wet and contaminated runways shall not be less
penalizing than the limitations on dry runways.

ANOR.6 ABORTED TAKEOFF
ANOR.6.1v General

1.1

Takeoff can be aborted for several operational or technical reasons and it is not possible to list
all of these factors. However, in order to help the Captain with the decision, alerts that are non-
essential until landing gear retraction are inhibited by TO INHIB engagement.

The success of an aborted takeoff depends on the Captain making timely decisions and using
the proper techniques:

- Delay in performing the stopping procedure

- Keeping Flight Idle during deceleration instead of Ground Idle

- Not applying fully nose down control column during deceleration
- Damaged tires

- Worn brakes or higher than normal initial brakes temperature

- Brakes not being fully applied

- A runway friction coefficient lower than assumed in computations
- An error in gross weight calculation.

ANOR.6.2 Decision Making
S5 Er 0 AcET a6 T 2.

The decision to abort a takeoff and to stop the aircraft should be made by the Captain.
Therefore the Captain should keep his/her hand on the thrust levers until the aircraft reaches
V4, whether the Captain is the Pilot Flying (PF) or the Pilot Monitoring (PM).

The time available for decision making is limited. To minimize the risk, many alerts considered
non-essential are inhibited between TO INHIB engagement and gear retraction. Therefore, any
warnings triggered during this period must be considered as significant.

cont'd... »>>
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1) Below V4

The Captain should consider discontinuing the takeoff, if any of the following conditions
occur:

- Master warning / caution

- Unusual noise or vibration
- ATPCS not armed

- Windshear

- Cabin smoke / fire

- Abnormal acceleration

- Tire failure

- Unsafe / unable to fly

- Engine failure / fire

- Takeoff configuration warning
- Bird strike

- Window failure.

2) Above V4
Takeoff must be continued, because it may not be possible to stop the aircraft on the
remaining runway.

The Captain must make the decision to abort before V:

- If a malfunction occurs and the Captain decision is to continue the takeoff he/she
should announce “WE CONTINUE”

- If the decision is to abort, the Captain announces "STOP". This announcement both
confirms the decision to abort the takeoff and transfer of controls to the Captain. It is
the only time that hand-over of control is not accompanied by the phrase "MY
CONTROLS".

ANOR.6.3 Aborted Takeoff Maneuver
As soon as the decision to abort is made, the Captain announces “STOP”, takes over control
of the aircraft, and executes an aborted takeoff. During any aborted takeoff, both PLs are
retarded down to Gl by pulling on the triggers and full braking should be applied if needed.
Simultaneously, control column must be pushed forward to maximize controllability. As soon as
the LO PITCH light(s) comes on, full reverse(s) can be applied if needed.

Reverse is available even in single engine. At 70 kt, control column is transferred to the first
officer and the Captain takes the nose wheel steering control. In case of single reverse
operation roll control must be applied (possibly to full travel) in order to minimize the tendency
to bank on the side of the operating engine.

On a wet or slippery runway, or takeoff at or near maximum runway limit weight, an aborted
takeoff at or near V4 will require MAXIMUM use of brakes until reaching a full stop and use of
reverses until 40 kt.

cont'd... »»>
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On a contaminated runway, since the effect of asymmetrical reverse thrust is not predicted with
a sufficient accuracy, it is therefore not recommended to use single engine reverse thrust.

In case of fire, if possible, position the aircraft to keep fire away from the fuselage, taking into

account wind direction.

ANOR.6.4 Aborted Takeoff Procedure
b9 ' 2.2
CAPT F/O
> STOP ..ot e ANNOUNCE
e Immediately and simultaneously
B PL A2 e Gl
To stop the aircraft and prevent brake
overheating, the power Levers should be
retarded immediately to Gl by using the
triggers
» CONTROL COLUMN .......ccceennnees PUSH
» BRAKES ::cnsammmnans ASRQRD | » LOPITCH.......... CHECK & ANNOUNCE
2 2 LOW PITCH NORMAL USE
2ENG 1
5 NO REVERSE NO REVERSE
1ENG 1 1LOW PITCH USE WITH CARE
> REVERSE .......................... AS RQRD ........................... Ty
i The effect of asymmetrical reverse thrustis
i not predictable with a sufficient accuracy on :
i contaminated runways, it is therefore not
i recommended to use single engine reverse
LATUSE
Passing 70 kt
B TOKT (o e ANNOUNCE
» | HAVE CONTROL .............. ANNOUNCE
» N/W STEERING...........cccccceee CONTROL |» CONTROL WHEEL
When aircraft stopped
» ATC (VHF1)
» BRAKE HANDLE.......... .......... PARKING [» FWS

» SITUATION ASSESSMENT.. ..PERFORM
The Aircraft should remain stationary while
the crew evaluates the situation.
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CAPT F/O
m If evacuation is required
» Refer to PRO.NNO.EMR.99.4.E99.05
EMERGENCY EVACUATION  (ON
(] 2{0] 1]\ o ) e ————————————— APPLY
n If attempting a new takeoff
» TAKEOFF : PROHIBITED FOR 10 min
After aborted takeoff aircraft must be
stopped for 10 min and the WHEELS BRK
HOT message must be monitored as it
may take up to 10 min before brakes
temperature reaches its maximum at
sensor location.

ANOR.6.5 Aborted Takeoff Situation Assessment

0.4
Following an aborted takeoff:

- The flight crew makes a full assessment of the state of Aircraft including FWS recall to
assess any inhibited alerts

- Aircraft must be stopped for 10 min and the WHEELS BRK HOT alert must be monitored

as it may take up to 10 min before brakes temperature reaches its maximum at sensor
location

- If triggered, the WHEELS BRK HOT alert requires the flight crew to return to parking

- After a complete assessment of the state of the aircraft and occupants, if the Captain
decision is to reattempt the takeoff, the flight crew should prepare the aircraft for a new
departure and apply all checklists starting from BEFORE TAXI CHECKLIST.

ANOR.7 SEVERE TURBULENCE
ANOR.7.1 Severe Turbulence

0.3
When possible, avoid areas with known or forecasted severe turbulence. If turbulence is not
avoidable, aim to keep speed, so as to provide the best protection against the effect of gust on
the structural limits, even if maintaining an adequate margin above Vin ops.

Consider requesting a lower flight level to increase margin to buffet onset. Maximum Rough Air
Speed (VRA) = 180 kt.

Sufficient buffet margin exists at optimum altitude.

Severe turbulence is defined as turbulence that causes large, abrupt changes in altitude and/or
attitude. It usually causes large variations in airspeed. Occupants are forced violently against
their seat belts and loose objects will move around the aircraft.

If severe turbulence occurs during a flight, the flight crew must make a logbook entry in order
to initiate maintenance action.

Before entering an area of known turbulence, the flight crew and the cabin crew must secure
all loose equipment and switch the cabin SIGNS to ON.

cont'd... »»>
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Keep the autopilot ON.

If the flight crew flies the aircraft manually:

Expect large variations in altitude, but do not pursue altitude,
Maintain attitude, and allow altitude to vary,
- Advice Air Traffic Control.

ANOR.7.2 Wake Turbulence

Wake turbulence is the leading cause of aircraft upsets.
1) Vortex Generation

11

The phenomenon that creates wake turbulence results from the forces that lift aircraft.

High-pressure air from the lower surface of the wings flows around the wingtips to the lower
pressure region above the wings. A pair of counter rotating vortices is thus shed from the
wings: The right wing vortex rotates counterclockwise, and the left wing vortex rotates
clockwise. The region of rotating air behind the aircraft is where wake turbulence occurs.
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Wet or Contaminated Runways

he conditions and factors associated with landing on a wet

runway or a runway contaminated by standing water, snow,

slush or ice should be assessed carefully before beginning
the approach.

Statistical Data

The Flight Safety Foundation (FSF) Approach-and-landing Acci-
dent Reduction (ALAR) Task Force found that wet runways were
involved in 11 approach-and-landing accidents and serious
incidents involving runway overruns and runway excursions
worldwide in 1984 through 1997.

The FSF Runway Safety Initiative (RSI) team found that wet
runways and runways contaminated by standing water, snow,
slush or ice were involved in 96 percent of the runway-excursion
accidents, in which runway condition was known, that occurred
during landing worldwide in 1995 through March 2008.2

Defining Runway Condition

Dry Runway

The European Joint Aviation Authorities (JAA)? defines dry
runway as “one which is neither wet nor contaminated, and in-
cludes those paved runways which have been specially prepared
with grooves or porous pavement and maintained to retain ‘ef-
fectively dry’ braking action even when moisture is present.”

Damp Runway

JAA says that a runway is considered damp “when the surface
is not dry, but when the moisture on it does not give it a shiny
appearance.”

Wet Runway

JAA says that a runway is considered wet “when the runway sur-
face is covered with water, or equivalent, less than specified [for
a contaminated runway] or when there is sufficient moisture on

FLIGHT SAFETY FOUNDATION ALAR TOOL KIT | ALAR BRIEFING NOTE 8.5

the runway surface to cause it to appear reflective, but without
significant areas of standing water”

Contaminated Runway

JAA says that a runway is contaminated “when more than 25
percent of the runway surface area (whether in isolated areas or
not) within the required length and width being used is covered
by the following:

“Surface water more than 3.0 mm [millimeters] (0.125 in
[inch]) deep, or by slush or loose snow, equivalent to more
than 3.0 mm (0.125 in) of water;

“Snow which has been compressed into a solid mass which
resists further compression and will hold together or break
into lumps if picked up (compacted snow); or,

« “Ice, including wet ice.”

The U.S. Federal Aviation Administration® says that a runway is
considered contaminated “whenever standing water, ice, snow,
slush, frost in any form, heavy rubber, or other substances are
present.”

Factors and Effects

Braking Action

The presence on the runway of a fluid contaminant (water, slush
or loose snow) or a solid contaminant (compacted snow or ice)
adversely affects braking performance (stopping force) by:

+ Reducing the friction force between the tires and the runway
surface. The reduction of friction force depends on the follow-
ing factors:

- Tire-tread condition (wear) and inflation pressure;

- Type of runway surface; and,
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- Anti-skid system performance; and,

Creating a layer of fluid between the tires and the runway,
thus reducing the contact area and creating a risk of hydro-
planing (partial or total loss of contact and friction between
the tires and the runway surface).

Fluid contaminants also contribute to stopping force by:

« Resisting forward movement of the wheels (i.e., causing dis-
placement drag); and,

 Creating spray that strikes the landing gear and airframe (i.e.,
causing impingement drag). Certification regulations require
spray to be diverted away from engine air inlets.

The resulting braking action is the net effect of the above stop-
ping forces (Figure 1 and Figure 2).

Hydroplaning (Aquaplaning)

Hydroplaning occurs when the tire cannot squeeze any more of
the fluid-contaminant layer between its tread and lifts off the
runway surface.

cal Decelerating Force

Autobrake low mode

Stopping force

’
.
140 120 100 80 60 40 20
Airspeed (knots)

= Total stopping force = = = Reverse thrust

. Aerodynamic drag = = = Braking and rolling drag

Source: FSF ALAR Task Force

Figure 1

Effect of Braking Devices on Stoppi ergy and Stopping Distance

| 4— Maximum pedal braking (typically, 8 to 10 knots per second)

| {— Autobrake medium mode (typically, 6 knots per second)

. |
4 I
|
| | | 4= Autobrake low mode (typically, 3 knots per second)
80 | |
| | | |‘— No braking
70 | I |
| ;1
E | | |
§ e il ! |
5 P
) % | | | /.——b: Aerodynamic drag
g L |
2 w0 I
3 | vy
k] | | »| reverse thrust
%5 30 | - I
=
1 - = |
e 1
< | ] | T — I
10 ' : _>| Braking and rolling drag
]
Y >
1,000 2,000 3,000 4,000

Stopping distance (meters) on runway
contaminated with water

Note: Examples assume that airplane touches down at maximum landing weight and at landing reference speed (V) on a dry runway at sea level and standard

pressure and temperature.

Source: FSF ALAR Task Force

Figure 2
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Hydroplaning results in a partial or total loss of contact and
friction between the tire and the runway, and in a correspond-
ing reduction of friction coefficient.

Main wheels and nosewheels can be affected by hydroplan-
ing. Thus, hydroplaning affects nosewheel steering, as well as
braking performance.

Hydroplaning always occurs to some degree when operating
on a fluid-contaminated runway.

The degree of hydroplaning depends on the following factors:

+ Absence of runway surface roughness and inadequate drain-
age (e.g. absence of transverse saw-cut grooves);

« Depth and type of contaminant;

« Tire inflation pressure;

« Groundspeed; and,

« Anti-skid operation (e.g, locked wheels).

A minimum hydroplaning speed is defined usually for each
aircraft type and runway contaminant.

Hydroplaning may occur at touchdown, preventing the
wheels from spinning and from sending the wheel-rotation
signal to various aircraft systems.

Conducting a firm touchdown can reduce hydroplaning at
touchdown.

Directional Control

On a contaminated runway, directional control should be
maintained using the rudder pedals; do not use the nosewheel-
steering tiller until the aircraft has slowed to taxi speed.

On a wet runway or a contaminated runway, use of nosewheel
steering above taxi speed may cause the nosewheels to hydro-
plane and result in the loss of nosewheel cornering force with
consequent loss of directional control.

If differential braking is necessary, pedal braking should be
applied on the required side and should be released on the
opposite side to regain directional control. (If braking is not
completely released on the opposite side, brake demand may
continue to exceed the anti-skid regulated braking; thus, no dif-
ferential braking may be produced.)

Landing Distances

Landing distances usually are published in aircraft operating
manuals (AOMs)/quick reference handbooks (QRHs) for dry
runways and for runway conditions and contaminants such as
the following:

o Wet;
* 6.3 millimeters (0.25 inch) of standing water;
« 12.7 millimeters (0.5 inch) of standing water;

« 6.3 millimeters (0.25 inch) of slush;

FLIGHT SAFETY FOUNDATION ALARTOOL KIT | ALAR BRIEFING NOTE 8.5

« 12.7 millimeters (0.5 inch) of slush;

« Compacted snow; and,

o Ice.

Landing distances are published for all runway conditions, and
assume:

« An even distribution of the contaminant;

+ Maximum pedal braking, beginning at touchdown; and,

* An operative anti-skid system.

Landing distances for automatic landing (autoland) using the
autobrake system are published for all runway conditions.

In addition, correction factors (expressed in percentages) are
published to compensate for the following:

« Airport elevation:
- Typically, +5 percent per 1,000 feet;
+ Wind component:
- Typically, +10 percent per five-knot tail wind component; and,

- Typically, -2.5 percent per five-knot head wind component;
and,

« Thrust reversers:

- The thrust-reverser effect depends on runway condition
and type of braking.

Stopping Forces
Figure 1 shows the distribution of the respective stopping forces
as a function of decreasing airspeed during a typical landing roll
using autobrakes in “LOW” mode (for a low deceleration rate)
and maximum reverse thrust.

Total stopping force is the combined result of:

« Aerodynamic drag (the term refers to drag on the airplane
during the roll-out [including impingement drag on a fluid-
contaminated runway]);

Reverse thrust; and,

Rolling drag.

Distribution of Stopping Energy on a Contaminated Runway
Figure 2 shows the contribution to the total stopping energy of
various braking devices as a function of the desired or achieved
landing distance on a runway contaminated with water.

Figure 2 can be used to determine:

« For a given braking procedure (pedal braking or an autobrake
mode), the resulting landing distance; or,

« Fora desired or required landing distance, the necessary
braking procedure (pedal braking or an autobrake mode).
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Figure 2 shows that on a runway contaminated with standing
water (compared to a dry runway):

The effect of aerodynamic drag increases because of impinge-
ment drag;

The effect of braking and rolling drag (balance of braking
force and displacement drag) decreases; and,

Thrust-reverser stopping force is independent of runway condition,
and its effect is greater when the deceleration rate is lower (i.e.,
autobrakes with time delay vs. pedal braking [see Figure 1]).

Factors Affecting Landing Distance

Runway Condition and Type of Braking

Figure 3 shows the effect of runway condition on landing
distance for various runway conditions and for three braking
procedures (pedal braking, use of “LOW” autobrake mode and
use of “"MEDIUM” autobrake mode).

Figure 3 is based on a 1,000-meter (3,281-foot) landing dis-
tance (typical manual landing on a dry runway with maximum
pedal braking and no reverse thrust).

For each runway condition, the landing distances for a
manual landing with maximum pedal braking and an automatic
landing with autobrakes can be compared.

Similarly, for a manual landing or an autoland (with auto-
brakes), the effect of the runway condition can be seen.

When autobrakes are used, braking efficiency is a function
of the selected autobrake mode and of the anti-skid activation
point, whichever is achieved first, as shown by Figure 3 and
Figure 4.

On a runway contaminated with standing water or slush, the
landing distances with a “MEDIUM” or a “LOW” autobrake mode
are similar because the deceleration rate is affected primarily by
aerodynamic drag, rolling drag and reverse thrust, and because
the selected autobrake deceleration rate (e.g, “MEDIUM” mode)
cannot be achieved.

Thrust Reversers
Figure 4 shows the effect of reverse thrust with both thrust
reversers operative.

When autobrakes are used, the thrust reverser effect (i.e.,
contribution to landing-distance reduction) is a function of:

¢ The selected deceleration rate and the time delay on auto-
brake activation, as applicable; and,

« Runway condition (contribution of contaminant to the decel-
eration rate).

On a dry runway or on a wet runway, the effect of the thrust re-

versers on landing distance depends on the selected autobrake

mode and on the associated time delay (e.g., “MEDIUM” mode

‘ect of Anti-Skid on Fri n Force and Slip Ratio

4,000

—4— Autoland autobrake low

~ ® — Autoland autobrake medium fy
—— Manual landing pedal braking

Landing distance (meters)
~

Dry Wet Water ~ Water  Slush  Slush Compacted
63mm 127mm 63mm 127mm  Snow

(0.25in)  (0.5in) (0.25in) (0.5in)
Runway condition

lce

Source: FSF ALAR Task Force

Figure 3

‘ect of Anti-Skid on Friction Force and Slip Ratio

Landing distance reduction
(percent)
3

—— Autoland autobrake low
35 | = ® = Autoland autobrake medium
—— Manual landing pedal braking

Dry Wet Water ~ Water  Slush  Slush Compacted Ice

63mm 127mm 63mm 127mm  Snow
(0.25in)  (05in) {0.25in) (0.5in)

Runway condition
Source: FSF ALAR Task Force

Figure 4

without time delay vs. “LOW” mode with time delay), as shown
by Figure 1 and Figure 4.

Operational Guidelines

When the destination-airport runways are wet or contaminated,

the crew should:

« Consider diverting to an airport with better runway condi-
tions or a lower crosswind component when actual condi-
tions significantly differ from forecast conditions or when a
system malfunction occurs;

FLIGHT SAFETY FOUNDATION ALAR TOOL KIT | ALAR BRIEFING NOTE8.5
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Anticipate asymmetric effects at landing that would prevent
efficient braking or directional control (e.g., crosswind);

Avoid landing on a contaminated runway without anti-skid or
with only one thrust reverser operational;

For inoperative items affecting braking or lift-dumping capa-
bility, refer to the applicable:

- AOM/QRH for in-flight malfunctions; or,

- Minimum equipment list (MEL) or dispatch deviation guide
(DDG) for known dispatch conditions;

Select autobrake mode per standard operating procedures
(some AOMs/QRHs recommend not using autobrakes if the
contaminant is not evenly distributed);

Approach on glide path and at the target final approach speed;

Aim for the touchdown zone;

Conduct a firm touchdown;

Use maximum reverse thrust as soon as possible after touch-
down (because thrust reverser efficiency is higher at high
airspeed);

.

Confirm the extension of ground spoilers/speed brakes;

.

Do not delay lowering the nosewheel onto the runway. This
increases weight-on-wheels and activates aircraft systems
associated with the nosegear squat switches;

Monitor the autobrakes (on a contaminated runway, the
selected deceleration rate may not be achieved);

As required or when taking over from autobrakes, apply the
pedal brakes normally with a steady pressure;

For directional control, use rudder pedals (and differential
braking, as required); do not use the nosewheel-steering tiller;

If differential braking is necessary, apply braking on the re-
quired side and release the braking on the opposite side; and,

After reaching taxi speed, use nosewheel steering with care.

Summary
Conditions associated with landing on a wet runway or a run-
way contaminated by standing water, snow, slush or ice require
a thorough review before beginning the approach.

The presence on the runway of water, snow, slush or ice ad-
versely affects the aircraft’s braking performance by:

* Reducing the friction force between the tires and the runway
surface; and,

o Creating a layer of fluid between the tires and the runway, which
reduces the contact area and leads to a risk of hydroplaning.
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Directional control should be maintained on a contaminated

runway by using the rudder pedals and differential braking,

as required; nosewheel steering should not be used at speeds

higher than taxi speed because the nosewheels can hydroplane.
The following FSF ALAR Briefing Notes provide information

to supplement this discussion:

¢ 7.1 — Stabilized Approach;
¢ 8.3 — Landing Distances;
¢ 8.4 — Braking Devices; and,

e 8.7 — Crosswind Landings.

The following FSF RSI Briefing Notes also provide information
to supplement this discussion:

« Pilot Braking Action Reports; and,

« Runway Condition Reporting. @
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regulations.
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