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FRACTURE ANALYSIS REPORT

Engineering Report No: MS 80040 Date:  8/15/2022

Lab BLIS Number(s):  028-2022-07-12-00527

Part Information:
Design Drawing Part Names, Part Numbers, and Serial Numbers:

  Strut Assy, MLG,   P/N 5935355-501 (S/N CPT0718)
  Torque Arm, Upper MLG,   P/N 5935374-5 (S/N MAL112)
  Torque Arm, Lower MLG,   P/N 5935353-5 (S/N MAL294)
  Link – Upper Side Brace, MLG,   P/N 5935346-503 (S/N AEC284)
  Link – Lower Side Brace, MLG,   P/N 5935351-9 (S/N CET0492 MHB)
  Rod, Retract Cylinder, MLG,   P/N 5937036 (S/N unknown)
  Link, Upper Lock,   P/N 5935349-9 (S/N AML0050)
  Link, Lower Lock,   P/N 5935350-7 (S/N CPT0893MHB)
  Piston Rod – Bungee Cylinder / P/N 5937035-1/ (Assy S/N CPT0852)
  Shimmy Damper Assy,   P/N SR09320057-7009 (S/N DL84)
  Bolt – Apex, Torque Link,  P/N 4925624-501 (S/N CPT979)

Responsible Design Group: Landing Gear

Airplane Information:
A/P Customer: RedAir A/P Model:                  MD-82
Registry No: HI1064 Line Position No:        1805
Flight Hours: 68,229 Number of Landings:   35,873

Material Information:
Material / Heat Treat / Material Specification
     Torque Arms -    300M Steel / 275-305 ksi per DPS 5.00 / DMS 1935
     Side Brace Links -  300M Steel / 275-305 ksi per DPS 5.00  / DMS 1935
     Retract Rod -      4340 Steel / 180-200 ksi per DPS 5.00 / MIL-S-5000 Cond E1
     Lock Links -       Hy-Tuf / 220-240 ksi per DPS 5.00/ DMS 1841
     Bungee Piston -    17-4 PH CRES / H900 per DPS 5.00 / AMS 5643
     Apex Bolt -         4340 Steel / 180-200 ksi per DPS 5.00 / MIL-S-5000 

Enclosure to 66-CB-H200-ASI-19270 Page 2 of 55









Copyright © 2022 Boeing.  All rights reserved. 

Scanning Electron Microscopy (SEM) 
SEM analysis of the fracture surface revealed evidence of ductile separation (Figures 66 to 73). 

Energy Dispersive Spectroscopy (EDS)
EDS analysis indicated that the base material of the retract rod met the requirements of MIL-S-5000 for 
4340 steel (Table III).

Hardness
Hardness measurements from the retract rod resulted in an average value of HRC 40.2 which was within 
the required range of HRC 40 to 43 specified by DPS 1.05-4 for low alloy steel heat treated to a UTS of 
180 to 200 ksi. 

Lock Links

Macroscopic Examination 
Note: for consistency, all orientations depicted in this report for the lock links are relative to the side 
braces in the extended position (LG deployed position).

The lower lock link exhibited complete transverse fractures through the arm approximately four inches 
from the inboard end (Figures 74 to 78).  The upper end of the lower link was still attached to the upper 
link (Figures 74 and 75), and the lower end (the lug portion of lower lock link) was still attached to the 
side braces in the as-received condition (Figure 76).  The lower lock link was bent in an upward and aft 
direction (Figures 77 and 78).  The upper link was bent in a forward direction (Figure 77).  One fracture 
intersected a hole in the arm (Figures 79 and 80).  This fracture consisted of two segments which 
intersected diametrically opposite sides of the hole.  The fracture surfaces were smeared in a forward/aft 
direction (Figure 80).  The other fracture appeared to have occurred outside the hole (Figure 81).  This 
fracture appeared smeared in a longitudinal (up/down) direction.  

Scanning Electron Microscopy (SEM) 
SEM analysis of each fracture surface revealed evidence of ductile separation.  A majority of dimple 
formations were shallow and stretched, typical of ductile separation due to shear loads (Figures 82 to 
91).  

Energy Dispersive Spectroscopy (EDS)
EDS analysis of the lower lock link indicated that the base material was consistent with the compositional 
requirements of DMS 1841 for Hy-Tuf steel (Table IV).  EDS analysis was not performed on the upper 
lock link.

Hardness
Hardness measurements from the lower lock link resulted in an average value of HRC 49.4 which was 
slightly higher than the range of HRC 46 to 49 specified by DPS 1.05-4 for Hy-Tuf steel heat treated to a 
UTS of 220 to 240 ksi.  
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Bungee Piston Rod

Macroscopic Examination 
The bungee piston rod exhibited a complete fracture approximately two inches from the end of the clevis 
lug (Figures 92 to 94).  The fracture surface occurred along an oblique plane, typical of ductile separation 
(Figures 95 and 96).  The rod appeared to be bent slightly in an aft direction in the area of fracture.

Scanning Electron Microscopy (SEM) and Energy Dispersive Spectrometry (EDS) Analysis
SEM analysis of the fracture surface revealed evidence of ductile separation (Figures 97 to 101).  

Energy Dispersive Spectroscopy
EDS analysis indicated that the base material of the bungee piston rod was consistent with the 
compositional requirements of AMS 5643 for 17-4 PH CRES (Table V).

Hardness
Hardness measurements from the bungee rod resulted in an average value of HRC 44.5 which was 
within the range of HRC 40 to 47 specified by DPS 1.05-5 for 17-4 PH CRES heat treated to a H900 
condition. 

Shimmy Damper

Macroscopic Examination 
The shimmy damper housing exhibited evidence of impact damage, and a number of the threaded 
inserts had partially pulled out of the housing (Figure 102).  Some of the insert threads contained 
remnants of the mating shimmy damper housing threads which had been sheared away.  The ends of 
the holes were elongated in a mostly circumferential direction (Figure 103).  The hole surfaces exhibited 
circumferential scrape/shear marks (Figure 104). 

The shimmy damper was requested to be returned intact which precluded performing any SEM analysis, 
nor hardness or chemical analysis for alloy verification by Boeing.

Shock Strut Fluid

A sample of hydraulic fluid was collected from the shock strut at the incident site.  Fourier-transform 
infrared spectroscopy (FTIR) analysis identified the fluid as DPM 6176, MIL-PRF-5606 hydraulic fluid
(See Appendix 1).  Acidity was measured to be 3.59 mg KOH/g, which met the requirement of 2.3 to 5.0 
mg KOH/g specified by MIL-PRF-5606.  Moisture content was above the requirement of <150 ppm; 
however, the sample was collected in a water bottle that may have had a residual amount of water 
remaining.  

Other Landing Gear Component Observations
Appendix 2 includes a preliminary test plan for analysis of the landing gear components which 
also includes the general visual observations of the landing gear components apart from the 
fracture analysis described herein.  It includes also chronology of the investigation.   Results of 
dimensional inspections are presented in Appendix 3. 
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APPENDIX 2 - MS 80040
Red Air MD-82 HI1064 – LH Main Landing Gear and Shimmy Damper Test Plan

1. Document and photos of the contents of the received crate / shipments.
a. Note and photo any discrepancies (for example:  lower servicing valve sheared

off from cylinder)
2. Measure gap at the torque arm apex.
3. Measure gap / axial freeplay where the lower torque arm attaches to the piston.
4. Measure gap / axial freeplay where the upper torque arm attaches to the cylinder.
5. Disassemble / remove the lower torque link segment from the piston.
6. Disassemble / remove the upper torque link and attached pieces from the outer

cylinder.
7. After removing the torque links from the shimmy damper, X-Ray inspect the shimmy

damper.  The intention is to determine the build-up and orientation of internal parts.
8. Dimensional check as shown on figures
9. Fracture analysis on the following:

a. Upper Torque Arm
b. Lower Torque Arm
c. Upper Side Brace
d. Lower Side Brace
e. Lower Lock Link
f. The sheared portion (threaded boss) of the damper reservoir (or the mating

portion lodged in the damper housing)
10. Disassemble the shimmy damper, keeping careful attention on the orientation of the

internal parts.  The shimmy damper has qty 10 belleville washers that are supposed to
be installed in a defined orientation.

a. Via part number and part examination, verify the following service bulletins have
been incorporated in the received shimmy damper

i. SB-MD-80-32A275
ii. SB-DC9-32-311

iii. MD80-32-278
11. Chemical analysis of Landing Gear fluid sample.
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Lab actions and findings

Boeing Metallurgical Lab

Huntington Beach, CA

19 July 2022 

Photographed and documented as-received crate.

- Initial observation was that the landing gear shifted during shipping, due to a wooden
cradle supporting one of the axles collapsed.  However, not damage noted to the
landing gear due to this.

Several gap dimensions taken with the landing gear assembled; See dimensional inspection 
sheet.

Shimmy Damper

- A large gouge was noted in the shimmy damper housing.
- Of the four (4) bolts attaching the damper to the upper torque arm, one bolt was

missing, with the torque arm lug sheared, and lockwire sheared.
- Of the three (3) remaining bolts, they were loose with the threaded inserts pulled out

(but still present) from the damper housing.

Torque Arm Apex joint

- The Hydraulic support bracket freely rotates.
- A gap found between the lower torque arm lug and nut (approx. 1/8 to 3/16 inch).
- The Hydraulic support bracket was bent.
- The washer was not flat (normal) but was coned with wear marks on each side.
- A bushing flange was sheared/missing.
- Stop was damage on the Outside diameter, but had the full circumference.
- Another bushing flange was sheared fully around its entire circumference but intact.
- The lower torque arm lug was sheared in half, with half of the lug remaining in the apex

joint.

Disassembled the torque arm apex joint and removed shimmy damper housing. The torque 
arm apex bolt was stuck in the damper housing.  Visual inspection noted that the bolt was bent. 
Attempted to use a hydraulic press to remove the bolt form the housing, but unable to 
(stopped out of concern of damaging housing.

- After discussion with the NDT technician, decided to forgo X-ray inspection of the
housing assembly.  This was due to the steel bolt inside the Al Housing would not yield
clear/desired results.
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21 July 2022

Performed dimensional inspections (See dimensional inspection spreadsheet (Appendix 3)).

Shimmy Damper orifice dimensions taken.

Check valve removed from shimmy damper; break-away torque measured 250 in-Lbs.  

Landing Gear

- Removed additional components including bungee cylinder and its’ bracket.
- Witness marks (contact) on hydraulic pipes (outboard side, most fwd and most aft);

impact/out of round at end near out cylinder.
- A mark on the outer cylinder where the otbd/fwd pipe contacted.
- Witness mark on outer cylinder aft trunnion lug, outboard side; base metal visible.
- Witness mark on outer cylinder, outbd side just aft of fwd trunnion lug; base metal

visible.
- Retract actuator piston complete fracture.  Piston end still attached to outer cylinder,

and bends inward to cylinder.
- Downlock springs in-tact / no damage.
- Lower servicing valve sheared; flush with outer cylinder

Upper side brace – mid way lower side has impact/witness mark opposite of fracture.

27 July 2022

Completed dimensional inspections. 

Some freeplay noted between the bracket and upper lock link, so performed dimensional 
checks and added to spreadsheet.

Damper Mounting Bolts

- 3 of 4 remain attached to the upper torque arm with inserts still attached; i.e. inserts
pulled out of the damper housing

- Checked gap / freeplay of the 3 bolts (between torque arm face and insert)
o 0.039B
o 0.031
o Tight, 0.0
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Lock Links

- Lower lock link – small segment missing (approx. 3/16”) between fracture faces.
Bent up and aft

- Upper lock link – bent forward
o Damage on aft side of the prox sensor target area.

Side Braces

Discussed metallurgical analysis findings. 

- One pre-existing condition (internal granular features) on the lower side brace
- One I.G. / quasi-cleavage area on the upper side brace.

Based on the other damage areas found on the side braces, it was determined that these 
areas of I.G. findings did not result in fracture either of the side braces.  Each side brace 
(upper and lower) was fully intact and connected when the side brace assembly hyper-
extended, when the side braces contacted the outer cylinder, and leaving the damage 
markings.  Thus, it was determined that both side braces fractured when they contacted the 
outer cylinder, and not due to any pre-existing conditions.

Torque Arms

Laid out the torque arms, along with the fractured portion of the lower lock link lug.  Visual 
inspection found that the fractured lower torque arm lug bent inboard (permanent 
deformation before fracture).  This is consistent with the metallurgical fracture analysis
regarding the shear direction. 
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28 July 2022

Damper Housing 

Re-examined the damper housing, with more detail on the attach holes (where the mounting 
bolts/inserts pulled out).  All 4 holes missing inserts and smooth bore.  3 of the holes are 
oversized and oblonged in varying direction, and follow the circumference of the housing.  The 
elongation was at the outer depth of the hole; the inner depth was round.  The inner depth 
(bottom of hole) had few threads intact / not smeared (these are the threads the insert would 
thread into).

It was observed that a paint pattern on the housing was consistent with the outline of the 
upper torque arm mounting area, indicating the housing had paint (grey) applied after it was 
installed onto the torque arm (which is not as expected).

Torque Arm Apex Bolt

The hardness of the torque arm apex bolt was measured; HRc = 41.  This is consistent with the 
expected hardness (HRc 40 to 43) for this bolt (HT = 180 to 200 KSI).
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Part Name Part Number Feature Design Dimension Measured Dimension Comments
Upper Torque Arm 5935374-1 Lug Span, bushing face-to-face 5.6152 / 5.6260 5.662 /  5.668

5935374-5 Lug Bore diameter (I.D.) diameter 2.000 / 2.001 INBD 2.002/2.011    OUTBD 2.020/2.002 with bushing
S/N MAL112 Lug width, with bushings 1.6888 / 1.6760 1.198 bushing flanges partially missing one each side.  Measured and max. thickness

Lug Bore diameter (I.D.) diameter 1.187 / 1.188 INBD 1.192   OUTBD  1.192 with bushing
Lower Torque Arm 5935353-1 Lug width, with bushings 6.1978 / 6.1890 6.19

5935353-5 Lug Bore diameter (I.D.) diameter 1.875 / 1.87 1.1875 / 1.1875 with bushings
S/N MAL294 Lug width, with bushings 1.2458 / 1.2370 not measured one side shoulder bushing flanges sheared off

Lug Bore diameter (I.D.) diameter 1.187 / 1.188 not measured tight fit w/ sleeve.  Sleeve I.D. 1.001
Cylinder 5935348-503 Lower Lug width, with bushings 5.6128 / 5.6040 5.615   5.630 bushing faces no parallel

Lug Bore diameter (I.D.) diameter 2.000 / 2.001 fwd-aft 2.012  up-dn 2.022  ovalized, same both sides
Piston 5935347-507 Lower Lug Span, bushing face-to-face 6.2080 / 6.1992 6.206

Lug Bore diameter (I.D.) diameter 1.8760 / 1.8750 1.876   1.875
Torque Arm Apex Bolt 4925624-505 Shank diamter (O.D.) diameter 0.9990 / 0.9980 not measured bent and stuck in damper housing
4925624-501   "PBF" S/N CPT979 Length, shank + threads 5.226 / 5.216 not measured 6.234 head to end hardness checked = 41 HRc

Torque Arm Apex Spacer 4692620-1 Thickness 0.307 / 0.317 0.308   0.307
Torque Arm Apex Spacer 2923128-503 Length 2.102 / 2.098 2.15
Torque Arm Apex Stop 2923122-1 Thickness 0.279 / 0.283 0.278     0.274 damage on O.D.

Torque Arm Apex Spacer 4923134-501 Length 1.255 / 1.251 1.253
Washer AN960C1616 Thickness 0.090  +/- .008 0.083   0.063 in groove groove not entire circumference
Washer 4D0053-16P32-8 Thickness 0.078 +/- .007 N/A  above washer installed

Hydr Support Bracket 7936911-565 Thickness 0.125 0.125
Lower Lock Link 5935350-501 Lug Bore Diameter (I.D.) 2 PL diameter 0.6245 / 0.6255 fwd 0.625   aft 0.6255

5935350-7 Lug Bore Diameter (I.D.) diameter 2.125 / 2.126 2.139   2.125 ovalized
S/N CPT0893 MHB

Upper Lock Link 5935349-1 Lug Bore Diameter (I.D.) diameter 0.561 / 0.562 0.564
5935349-9 Lug Bore Diameter (I.D.) diameter 0.6245 / 0.6255 0.6315

S/N AML0050 Lug Bore Diameter (I.D.) diameter 0.5015 / 0.5005 0.499 sleeve (O.D. .498) pressed out.  I.D. 0.314
Lug Bore Diameter (I.D.) diameter 0.8745 / 0.8755 0.8754

Washer MS20002C6 Thickness 0.078 0.089
Bolt MS21250H06008 Length, shank + threads 1.145 1.146

Bracket Assy, Bungee 5937032 Lug span, face to face 2.009 +/- .005 2.002
Lug Bore Diameter (I.D.) diameter 0.4995 / 0.5005 0.502 both sides

Bushing S2210370P5-30 O.D. 0.498   0.497
I.D. 0.314   0.316

Appendix 3

As assembled, gap at the torque arm apex = 0.330 and 0.348
As assembled, gap / axial freeplay between lower torque arm and piston = 0.014

As assembled, gap / axial freeplay between upper torque arm and cylinder = 0.025

Red Air MD-82 HI1064 – LH Main Landing Gear - Dimensional Check
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