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MERLIN REQUEST NO: CSS2407196 | DATE: 23 Jan 2024 LAB TECHNICIAN:

TEST NO: G240026A GDPEP: N/A AUTHOR:
DISTRIBUTION: Internal (ZF:); External (Jerome F. Cantrell, NTSB)
PART DESCRIPTION: THP60054A steering gear; Manufacture Date:2018-11-08 ; Serial Number: U2735
PURPOSE AND DATE OF Test conducted upon the request of Jerome F. Cantrell (Senior Vehicle Factors Investigator-
TEST: NTSB-Office of Highway Safety- Present at investigation). The purpose is to evaluate steering

gear components post-accident. Parts evaluated on 23 Jan 2024 at ZF R&D Lab, Lafayette, IN.

OVERVIEW: We were told that the steering gear investigated was installed in a 2019 Freightliner
Cascadia. The gear unit was received in a cardboard box with no observable damage on the
packaging of the entire unit. Due to the condition of the input shaft (pushed inside; broken
tooth on the output shaft rack), a functional test could not be conducted and hence a
complete visual inspection was performed.

CONCLUSION: The evidence indicates that the gear suffered from a high impact tension load as seen on the
sector shaft brinelling marks & broken tooth on the output shaft rack.
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Incident Details

Based on information from the Customer:

NAME OF DRIVER: Not Provided

CARRIER: 2019 Freightliner Cascadia

DATE & TIME OF ACCIDENT: 11/14/2023, Time was not provided by the customer

LOCATION OF ACCIDENT: I-70 west about a half-mile before Route 310 interchange in Etna
POLICE AND/OR DOT REPORT: Ohio State Highway Patrol Police report: #45-0594-45

MAKE, MODEL , VIN: 2019 Cascadia , VIN not provided

PROPERTY DAMAGE: Yes

INJURIES: 57 on board, 3 children killed

FATALITIES: 06

INCIDENT DESCRIPTION: Tractor-trailer hit the bus from behind and burst into flames.
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Attendee List

SUBJECT: Lab Analysis of Accidental Claim Investigation
LOCATION: ZF Active Safety & Electronics US LLC, 800 Heath St, Lafayette, IN 47905
DATE: Jan 23, 2024
TIME: 10:00 AM - 11:30 AM
lattendee Organization Title

Field Quality Performance

/F Active Safety & Electronics US LLC M
anager

/F Active Safety & Electronics US LLC Field Quality Performance

Engineer
ZF Active Safety & Electronics US LLC Lab Technician
Jerome F. Cantrell Senior Vehicle Factors
) NTSB [nvestigator
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Packaging

|- No damage to the parts in the boxes as received. |
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External Condition

rGear was inside the cardboard box when received.

rValve ports were sealed with plugs to prevent oil spillage. Removed them for analysis.
rThe mating area of the Sector (output) shaft serrations were fully intact.

rInput shaft was pushed inside as shown in the image.- Image 1
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Traceability Details

> Serial Number- U2735
> Part Number- THP60054A

Date Code-(31218)- 2018-11-08
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Sector Shaft - Rack Piston Analysis

p 1 Sector tooth found broken as received- Image 2

b Broken tooth observed on sector shaft indicating gear had a high
impact tension load- Image 2

»  Brinelling marks observed on sector shaft indicating gear suffered
from high impact tension load- Image 3
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Image 4

b No visual damage to valve housing assembly.

p  Evidence of burnt oil and valve housing front surface- Image 4
b The bearing assembly was not intact in the valve housing.

b Bearing assembly external ring was found to be broken.

»  Total 16 recirculating ball bearings were received- matches specification.-
Image 5
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Valve Housing Analysis- Continued
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¢ Hard indentation marks observed on the side of the thrust washer bearing -
indicating high impact tension load pulled the worm- Image 7

b Hard indentation marks observed on the center surface of the worm- indicating
high impact tension at the centerline of the gear- Image 6
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Rack Piston & Ball Cap Analysis

S .
Image 8

b Damage observed on the middle tooth surface of the rack piston-
indicating the hard impact at the centerline of the gear- Image 8
»  No damage observed on the seal cap and ball return guide cap.

b 31 recirculating balls were present as per the specification; all intact.
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Side Cover Analysis

Side cover was found to be in good condition.

No damage observed on the side cover O-ring.
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Conclusions

« The gear suffered a high impact tension load upon impact with the truck (as observed on broken tooth of the output shaft
rack and brinelling marks on the sector shaft).

« No bearing marks observed on the ball bearing retainer of the sector shaft (the gear was not damaged due to compression
load).

« Due to the high impact load, the tension forced the worm and valve assembly input shaft to push inside and cause damage
on the rack tooth surface.

.........................................................................................................................................................................................................................
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THP60054A- Inspection Summary

Surface of the sector shaft was observed with brinelling marks.

Input shaft was pushed inside indicating high impact.

*No damage observed on the side cover sub- assembly.

*No external damage observed on the valve housing assembly.

*Indentation marks observed on the worm of the gear.

*Indentation marks observed on the thrust washer bearing.

*One tooth broken on the rack pinion indicating impact on the centerline of gear.
«Ball cap subassembly and all recirculating balls were intact.

*Worm helix were fully intact.
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