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1) 6:00 - Back Skin Doubler Gouge Exhibited Titanium
* Confirmed Blade Tip was Stopped - Back Skin/Doubler
e Titanium Blade Debris Transfer in Fwd Edge of Doubler
2) All Fracture Surfaces Exhibited Ductile Overload
* Micro-Void Coalescences Dominated by Shear
* Fatigue Striations were Not Observed
3) Maximum Back Skin Damage 210 ° (Blade Debris)
e 12:45 to 2:30 Blade Debris - Clock Wise Shear
e 3:30to 6:45 Blade Debris - Clock Wise Shear
e 7:30to 8:30 Blade Debris - Clock Wise Shear
e 9:151t0 10:15 Blade Debris - Clock Wise Shear
4) Source of Iron and Stainless Particles Unknown
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737NG CFM56-7B Fan Blade-Out: Southwest ESN874112 S & UTC Aerospace Systems
Pensacola

— = = Min Damage

Min Damage Segments
A-12:45-1:45, A=1:00
B-4:30-6:15, A = 1:45
C-7:30-8:15, A=0:45
D-9:15-9:30, A =0:15

Min Total A Damage
=1:00+1:45+0:45+0:15
=3:45

=112.5°

= = = Maximum Damage

Max Damage Segments
E- 12:45t0 2:30, A =1:45
F-3:30to0 6:45, A=3:15
G-7:30t08:30,A=1:00
H-9:15t010:15, A=1:00

Max Total A Damage
=0:15+1:45+3:15+1:00+1:00
=7:15

=210°

Clocking is based on nacelle coordinate
system and is in alignment with blue tape
clocking on ID of attach ring
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Clocking Material Impact Fracture Surface
Position (AFT looking FWD)

3:30-4:00 No Material Transfer Observed Clock Wise Tangential Alternating
Inboard — Outboard, Shear

2 4:30 - 5:00 No Material Transfer Observed N/A

3 5:30 - 6:00 Iron and Titanium Imbedded - Containment Shield N/A

4 1:00 Iron Particles Imbedded - Containment Shield Radial Outboard, Shear

5 1:30 - 2:00 No Material Transfer Observed Axial Tension

6 2:00-2:30 Iron Particles Imbedded - Containment Shield Clock Wise Tangential Radial Inboard, Shear

7 8:00 Stainless Steel Imbedded - Back Skin Clock Wise Tangential Radial Outboard, Shear

8 9:00-9:30 Stainless Steel and Titanium Imbedded - Back Skin Alternating Radial Inboard — Outboard, Shear

9 10:00 No Material Transfer Observed Clock Wise Tangential Alternating Inboard —
Outboard, Shear

10 11:30-12:00 No Material Transfer Observed Radial Inboard, Shear

11 6:00 - 6:30 Titanium Particles Imbedded - Back Skin — Blade Tip N/A
12 6:00 —6:30 Titanium Particles Imbedded - Al Core - Blade Tip N/A

13 6:00 - 6:30 Titanium Particles Imbedded - Al Core - Blade Tip N/A
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Back Skin Fracture Surface Directionality - FWD of Containment Shield
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ASM Handbook Vol. 12: Fractography; Section: Mode of Fractures; Copyright © 2012, ASM International
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TEM fractograph (p-c replica) 6500 X

3= s ——— (c¢) Elongated dimple (tensile tearing) 4
Fractographs show shapes of dimples formed. (a) In tension, equiaxed dim- point in opposite directions on matching fracture surfaces. (c) In tensile tearing,
ples are formed on both fracture surfaces. (b) In shear, elongated dimples elongated dimples point toward fracture origin on matching fracture surfaces.

Fig. 1. Influence of direction of maximum stress (omax) on the shape of dimples formed by microvoid coalescence
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Area 1 — Position: 3:30 — 4:00 (Macro) 34 UTC Aerospace Systems
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Area 1 — Position: 3'30 — 4'00 Micro %‘:”3 UTC Aerospace Systems

Directionality
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Area 1 — Position: 3:30 — 4:00 (Micro) 34 UTC Aerospace Systems
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15.0kV 12.6mm x35 BSECOMP 30Pa 4/10/2017

* Adhesive Edge.
* No Material Transfer Observed
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Area 2 — Position: 4:30 — 5:00 % UTC Aerospace Systems
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* Adhesive Edge.
* No Material Transfer Observed
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Area 4 — Position: 1:00 %\% UTC Aerospace Systems

.'\l“U

2]
L) 180 100 104 49 500 00 100 L L
Enorgy - ke

* |Iron based Particle Imbedded - Containment Shield

This document does not contain any export controlled data
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Area 8 — Position: 9:00 — 9:30
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15.0kV 8.6m:n x50 BSECOMP 30Pa 4/14/2017

Iron based particle (Stainless Steel) and Ti Imbedded - Back Skin.
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Area 11 (Gouge) — Position: 6:00 — 6:30
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e Titanium based particle impacted and imbedded in Al core.
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