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Conclusions

* The fan blade-out event generated multiple high-energy fan blade
fragments (tip, mid, root), all which traveled forward into the inlet.

 There is minimal damage to OGVs located aft of the fan and no fragments
were recovered, which supports all fragments exited forward.

* The fan blade tip, and one mid fragment, were arrested by the inlet
within the containment shield.

* The root fragment subsequently impacted the fan tip and created new
fragments.

* Multiple fragments sheared the inlet inner barrel forward of the
containment shield for a cumulative arc of between 112.5° and 210°.

This document does not contain any export controlled data



%‘% UTC Aerospace Systems
737NG CFM56-7B24: SOUTHWEST AIRLINES ESN 874112

Summary of Fan Blade Fragments

Trajectories and Inlet Damage

A) Tip fragment: Arrested within inlet shield at 6:30
Inlet Damage: 6” x 32” acoustic core within containment shield

B) Mid fragments: One mid fragment arrested within shield at 6:30
Mid fragments sheared 52.5° to 97.5° of inner barrel

C) Root fragment: Slid a full inlet revolution, then impacted the tip fragment at
6:30 and created new fragments that sheared the inner barrel for 30° to
60°

Remaining root fragment continued another full revolution and sheared
an additional 30° to 52.5° of inner barrel

D) The cumulative arc of the inner barrel, sheared by fan blade fragments, was
estimated to be between 112.5° and 210°
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Inner Barrel: Through Damage from Fan Blade Fragments

Total Through Damage
Inter = 1:45 + 1:00 + 1:00

\ O 12:00

5) Root fragment shears
inner barrel

Inter =1:45-12:45=1:00 =3:45=112.5°
Max = 2:30 - 12:45 = 1:45 Max = 3:15 + 2:00 + 1:45
=7:00 = 210°

1) Fan blade tip
impacts fan
case at 2:15

4) Root impacts tip
creating new fragments
that shear inner barrel

‘ Inter = (8:15 - 7:30) +

+ | (9:30-9:15) = 1:00

2) Tip and one mid
fragment stopped in
shield at 6:30

M Max = (8:30 - 7:30) +
Y| (10:15 - 9:15) = 2:00
' |

— = = = Intermediate Damage

3) Mid fragments shear
inner barrel
Inter = 6:15 - 4:30 = 1:45
Max =6:45-3:30 =3:15

- = = = Maximum Damage
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Fan Blade Fragments: Event Sequence Estimate

Event

1. Fan blade impacts fan case at 2:15

Tip fragment is contained within shield at 6:30

3. Mid fragments lag tip fragment and shear inner barrel. One mid fragment is
contained at 6:30

4. Root fragment is accelerated to fan tip velocity by trailing blade yet lags the
mid fragments. After a full inlet revolution, the root impacts the stopped tip
fragment creating new fragments with high velocity and energy

5. New fragments shear inner barrel

6. Remaining large root fragment continues for another full inlet revolution and
shears inner barrel

N
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INNER BARREL ACOUSTIC CORE DAMAGE
DUE TO THE FAN BLADE TIP FRAGMENT ONLY
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A) Tip Fragment

Fan Case and Inlet Trajectory
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A) Tip Fragment: Fan Case and Inlet Trajectory

6:00 - 3:00
3) Tip penetrates y<perforate skin

1) Fan blade tip vk
contacts fan case near
2:15 creating a tip
fragment that bounces
forward at 30° spiral, rolls
< 180°, then Yt impacts
fan case near 3:30 on

fractured edge.

near 5:30, collapsesy acoustic core,
i i‘(impacts containment shield and
deflects aft.

-~
—
_____
-
-~
-~
~
~

4) Tip aft-collapsesyx more
acoustic core, and is stopped
within shield at 6:30.

W A T e T W ST

2) Tip fragment reverses roll direction. Its
fractured edge scars fan case 3:30 to 4:15
and impactsyyinlet attach flange. It
bounce-enters inlet near 4:30 at 30° spiral
and slides flat on aft face.
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A) Tip Fragment

Fan Case Trajectory
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A) Tip Fragment: Fan Case Trajectory

FWD AFT

Fan blade tip first
contacts fan case at
about 2:15 with
impact angle of
about 35°

___ Tipblade Impact A
1st contact detail

Low energy

No
external deformation
or tear r'

FAN case inner view
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* UTC Aerospace Systems

A) Tip Fragment: Fan Case Trajectory

1) Fan blade initially
contactsyifan case at
about 2:15

2) Between 2:15 and
3:15, the blade tip
fragment is liberated,
bounces off the fan
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case and rolls<180° | = |

Tip panel impact 1
1 st contact
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A) Tip Fragment: Fan Case Trajectory

2) Tip enters

inlet near 4:15

0 =tan(d1/d2)
di=7"

3H
d1=7" 1) The tip fragment
330 fractured edge
impacts y¢the fan
d2=12" - ib case near 3:15
5 creating a large
o3¢ scratch that starts
4 X _ with a spiral angle of
' about 30°
4:15

(]

d2=R* ®=31"* [ (4:15-3:30) / 12:00 ] * (2*PI) = 12"
0 =tan(7/12) = 30°
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A) Tip Fragment: Fan Case Trajectory

1) Blade tip impactsyx fan
case, makes distinct mark in
fan case, and creates tip
fragment

2) Tip fragment bounces off fan
case, and rolls between 90° and
180° while flying through the air
at about 30°

3) Tip fragment’s fractured
edge impacts y¢ fan case,

reverses roll direction, and
begins to make a spiral arcing
scratch Yy that initially is
about 30°

4) While scratching ¢ fan case, tip
fragment center of mass continues
forward at about 30°, and rolls less
than 90°, causing scratch angle to
reduce to about 14°. It then impacts
3 the inlet attach flange.
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A) Tip Fragment: Fan Case Trajectory

2) While scratching ¥ fan case,
tip fragment center of mass
continues forward at about
30°, and rolls < 90°, causing

the scratch spiral angle to
reduce to about 14° when it
impacts* the inlet attach
flange.

1) Tip fragment’s fractured
edge impacts Y% fan case,
which reverses it’s roll
direction, and begins to make
an arcing scratch ¢ initially
at about 30°

3) Tip fragment briefly
jumpsyk the inlet attach
flange, flat-impacts ycthe
inlet attach flange, and
slides at about 30°

/.
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A) Tip Fragment

Inlet Trajectory
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A) Tip Fragment: Inlet Trajectory —
;%‘Q“I “" fragment

A ! I
, ;; . Fﬂ,\; fragment
Vgt T scratch
Blue tape is \R SN .‘
tip fragment | \ \‘ ‘, Tip fragment
trajectory ;3 7 .ﬁ'\, stops in shield
= ) :

1) Tip fragment CG enters inlet near 4:00 at 30°

2) Slides along attach flange and densified core

3) Penetrates perforate skin near 5:30, sideways
collapses acoustic core, and deflects aft

4) Tip continues aft, collapsing acoustic core, and is

stopped within containment shield at 6:30
16
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A) Tip Fragment: Inlet Trajectory and Containment

1) Tip fragment
scratch on shield

“RIG4” tip
fragment

2) Tip-shaped dent on side of initially
collapsed core prior to tip deflecting aft

e “Rig-4” replica tip fits nearly perfectly in initial side-of-core dent near tip-scratch
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A) Tip Fragment: Inlet Trajectory and Containment

Dents on side of core from
contained tip fragment

AT
 CN

g Tip fragment
ok stops in shield

-
-~

-
-
P
-
-
-

“RIG4” tip
fragment

* “Rig-4” replica tip fragment fits nearly perfectly in side-of-core dent where it stopped
e Tip fragment contained within inlet containment shield at 6:30
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B) Mid Fragments

Fan Case and Inlet Trajectories
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B) Mid Fragments: Fan Case and Inlet Trajectories

4) ﬁ(penetrate acoustic core andYcshears inner barrel at 3)yXcrush acoustic core,iﬁ(impact T12
containment shield edge from 3:15 to 6:45 after a full inlet probe, scatter, and penetrate
revolution. A mid fragment?ﬁ’slides under the inner core,jfl( perforate skin andiﬁ(crush acoustic
impacts/lifts the tip fragment and stops at 6:30 core near 3:00

L) -

- 12:00 2 o 5
1
2) enter inlet near 8:00 and
1) Mid fragmentsﬁr slide aI(.)r)g attach fIarlge ind
impact fan case near densified core at 6° - 8

3:30
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B) Mid Fragments

Fan Case Trajectory
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B) Mid Fragment: Fan Case Trajectory

Mid fragments exit fan
case near 8:00 at 6 — 8°
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B) Mid Fragments

Inlet Trajectory
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B) Mid Fragments: Inlet Trajectory

P
:

i} a b

Mid Fragments

Green tape is
mid fragments
trajectory

1) Mid fragments enter inlet near 8:00 at 6 - 8°

2) Slide along attach flange and densified core

3) Begin crushing acoustic core near 11:30

4) Continue to slide along and radially crush
acoustic core
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B) Mid Fragments: Inlet Trajectory

. O 3

5) Continue to crush core with some impacting *le probe

6) Some mid fragments are deflected forward and some aft Green tape is

7) All penetrate perforate skin and inner core. Some penetrate mid fragments
outer core. Some slide under inner core, and sideways trajectory

collapse outer core, while deflecting aft
25
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B) Mid Fragments: Inlet Trajectory

and enters the cavity created by the tip fragment Green and blue tape
9) Some additionally sideways collapse outer core, deflect shows mid fragments
aft, scratch back skin and slide under stopped tip fragment trajectories

10) Some are stopped as they impactJ.gand lift tip fragment
26
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C) Root Fragment

Fan Case and Inlet Trajectory
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C) Root & Tip Fragments: Fan Case and Inlet Trajectory

4) Remaining large root fragment continues to 3) Root impacts i the stopped fan tip fragment near 6:30

slide along acoustic core, penetrates iﬁ(inner creating more fragments that i\\(penetrate perforate skin and
and outer core near 11:30, and shears Yinner || acoustic core and Y< shear inner barrel outer skin at containment

barrel at the containment shield edge from shield edge from 7:30 to 8:30 and 9:15 to 10:15
12:45 to 2:30

1) Root fragment * 2) slides along fan case, enters the inlet near

impacts fan case near 11:00 at about 5°, and slides along attach

3:30 then 4:30 flange and densified core for more than a
full inlet revolution
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C) Root Fragment

Fan Case Trajectory
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C) Root Fragment: Fan Case Trajectory

o 5 _ FWD

@ ~5°
2) Root fragment 1]
exits fan case near
11:00 at about 5°
1) Root
fragment
fan case d2 =101~
scratches
0 =tani(d1/d2)
dl=7"
d2=R*®=31*[(11:00-5:45)/12:00] * (2*PI) = 101"
0 =tan(7/85) = 4.7° 30
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C) Root and Batted-Tip Fragments

Inlet Trajectory
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C) Root Fragment: Inlet Trajectory

Yellow tape is
root fragment
trajectory

Root Fragment

1) Root fragment enters inlet near 11:00 at about 5°
2) Slides along attach flange past 2:00
3) Slides along densified core past 5:00

32
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C) Root Impacts Tip Fragment: Inlet Trajectory

Yellow tape is
root fragments

trajectory Blue and yellow tape

shows new fragment
trajectories

AR o i r‘
4) Root fragment impacts*stopped tip fragments at 6:30 creating new fragments.
Remaining large root fragment continues along 5° path

5) New fragments slide between inner and outer core and across perforate skin at about

25° to 30° per scratches beginning at the impact location
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C) Root and Tip Fragment: Inlet Trajectory

6) New fragments penetrate perforate skin,
acoustic core and shear inner barrel outer
skin at containment shield edge from 7:30 —
8:30

7) New fragments penetrate perforate skin,
acoustic core and shear inner barrel outer
skin at containment shield edge from 9:15 —
10:15

Blue and yellow tape
show new fragment
trajectories
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C) Root Fragment: Inlet Trajectory Yellow tape is
I ‘ 7 L root fragment
] % trajectory

<10 O'clock

8) Remaining large root fragment slide along acoustic core past 9:00
9) Slide along acoustic core past 11:00
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C) Root Fragment: Inlet Trajectory Yellow tape is

root fragment
trajectory

10) Penetrates inner and outer core near 12:45
11) Shears inner barrel outer skin at containment shield edge from 12:45 to 2:30
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