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Purpose of Sling Crosshead FEA
The purpose of the FEA is to show the Stress, Displacement and FOS for the structural steel crosshead.

Sling Crosshead

Car Travel Direction

Brake Force 

Applied Direction

When the car is travelling in the upward 

direction, a downward force is applied at 

the caliper housing. 

When the car is travelling in a downward 

direction, and upward force is applied at 

the caliper housing.
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Required FOS for crosshead
Per ASME A17.1-2016/CSA B44-16 2.24.3

FOS for the brake and its components is 3.5x

Required max stress for the crosshead is 27,500 psi (~1.3x FOS)
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Structural steel and caliper casting materials
Channel and Beam Materials are made from hot roll material. These materials are most commonly A572, A588 and 

A36 steel. For this FEA, A36 steel was chosen as it has the lowest yield strength.

The caliper casting is made from A352 LC2-1 steel.

Source: www.makeitfrom.com

Source: www.bushwickmetals.com

A36 Yield Strength: 36,000psi

Structural Steel Components Caliper Casting Component

A352 LC2-1 Yield Strength: 105,000psi

https://www.bushwickmetals.com/types-of-steel-beams-order/#:~:text=Different%20Steel%20Compositions&text=Most%20commonly%2C%20steel%20beams%20come,excellent%20strength%20for%20its%20weight.
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Bolt Material, Strength and Torque

Source: www.tfgusa.com

Source: www.almabolt.com 

For the purposes of fastener strength 

simulations, the yield strength is used.

This is not an installation 

torque spec. This is the 

highest expected torque 

spec used to confirm our 

bolt tension is safe.

Source: www.boltdepot.com

https://www.tfgusa.com/high-strength-bolts-for-structural-bolting/#:~:text=A%20grade%208%20bolt%20is,tensile%20strength%20of%20150%2C000%20PSI.
https://www.almabolt.com/pages/catalog/bolts/tighteningtorque.htm
https://boltdepot.com/Fastener-Information/Materials-and-Grades/Bolt-Grade-Chart
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FEA Setup - Model
The FEA model was set up using ¼ of the actual assembly, and then applying symmetry fixtures in the front and right 

planes.

Green arrows 

indicate 

symmetry faces
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FEA Setup - Connectors
Grade 8 fasteners are used at all bolt locations.
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Updated Mounting Components

An update to the FEA was 

made to strengthen areas of 

stress.

Leveling washers were added 

and are made from ductile 

iron.

A crosshead washer plate was 

added and is made from A36 

steel.

Caliper Mounting Plate

Leveling Washers

Crosshead Washer Plate



© DiMonte Group Inc.

Industrial Design 

Mechanical Engineering

Electrical Engineering

Software Development

630-791-8074

www.dimontegroup.com
Page 8

This report represents data as a result of Finite Element Analysis studies run by DiMonte Group Inc. for its client.  This data is accurate to the best of our knowledge, based on parameters calculated and supplied by our client. None of the data in this report can be interpreted as a guarantee or warranty of the product design analyzed.

FEA Setup – Fixed Component
The stile was cut at 3’ from the top and fixed at the base 

surface.

Green arrows 

indicate fixed 

face
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FEA Masses 10” Crosshead

Car Travelling Upward

(Downward Brake Force)

Car and Sling 

Empty weight

7,530 lbs

Load Inside Car  

4,375(125%) lbs
(either 0 or 125% of capacity)

Counterweight 

10,515 lbs

Braking load:

Car and Sling Empty Weight 

+ Load Inside Car 

+ Counterweight 

+ Ropes & Cables

= 22,720 lbs

NOTE: Guide-rails not shown

HydraSafe Brake Locations

(Top or Bottom)

Elevator Ropes 150 lbs
Travel Cables 150 lbs

F
BRAKE

0.5g Stopping Force

Used For FEA = 22,720 LBS X 0.5

= 11,360 lbs

Car Moving Up

Counterweight 

Travel
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Sling Crosshead FEA Brake Downward Forces
The 11,360 lb mass used in the FEA was calculated using an 22,720 lb moving mass and a 0.5 stopping reaction 

force.
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Setup – Downward Load
A braking load of 22,720 lb is used. A multiplier for 

0.5g was added for an FEA load of 11,360 lbs.

Since the model is in a ¼ section, ¼ of the 11,360 lb 

was used.

A 2,840 lb load was applied in a Downward direction 

at the brake pad clamping location and transferred to 

the brake pad bolt holes in the caliper casting.

The Downward force is used to simulate the car 

travelling in an Upward direction.
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Stress Results – Crosshead Downward Load
Crosshead stress is ~6,000psi.
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Displacement Results – Crosshead Downward Load
Crosshead displacement is ~0.002”
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Factor of Safety Results – Crosshead Downward Load
Crosshead FOS is over 3.5X.
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Factor of Safety Results – Bolts Downward Load
Applied appropriate preload to all bolts (e.g. 212 ft-lbs torque for 5/8”)

Increase load to 3.5x (9940 lbs downward) since we need a 3.5x FOS

• We’re increasing load because factor-of-safety plots would incorrectly 

show an unloaded bolt failing due to installation torque alone

No bolts yield with 3.5x applied load

Highest load thru any bolt is 20,645 lbs (77,613 psi) which is well below 

the yield strength of 130,000 psi for a grade 8 bolt 
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FEA Masses 10” Crosshead

Car Travelling Downward

(Upward Brake Force)

Car and Sling 

Empty weight

7,530 lbs

Load Inside Car  

4,375(125%) lbs
(either 0 or 125% of capacity)

Counterweight 

10,515 lbs

NOTE: Guide-rails not shown

HydraSafe Brake Locations

(Top or Bottom)

Elevator Ropes 150 lbs
Travel Cables 150 lbs

F
BRAKE

0.5g Stopping Force

Used For FEA = 12,205 lbs X 0.5

= 6,102.5 lbs

Car Moving Down

Counterweight 

Travel

Braking load:

Car and Sling Empty Weight 

+ Load Inside Car 

+ Ropes & Cables

= 12,205 lbs
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Sling Crosshead FEA Brake Upward Forces
The 6,102.5 lb mass used in the FEA was calculated using an 12,205 lb moving mass and a 0.5 stopping reaction 

force.
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Setup – Upward Load
A braking load of 12,205 lb is used. A multiplier for 

0.5g was added for an FEA load of 6,102.5 lbs.

Since the model is in a ¼ section, ¼ of the 6,102.5 lb 

was used.

A 1,526 lb load was applied in a Downward direction 

at the brake pad clamping location and transferred to 

the brake pad bolt holes in the caliper casting.

The Downward force is used to simulate the car 

travelling in an Upward direction.
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This report represents data as a result of Finite Element Analysis studies run by DiMonte Group Inc. for its client.  This data is accurate to the best of our knowledge, based on parameters calculated and supplied by our client. None of the data in this report can be interpreted as a guarantee or warranty of the product design analyzed.

Stress Results – Crosshead Upward Load
Crosshead stress is ~10,000 psi.
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Displacement Results – Crosshead Upward Load
Crosshead displacement is ~0.002”



© DiMonte Group Inc.

Industrial Design 

Mechanical Engineering

Electrical Engineering

Software Development

630-791-8074

www.dimontegroup.com
Page 21

This report represents data as a result of Finite Element Analysis studies run by DiMonte Group Inc. for its client.  This data is accurate to the best of our knowledge, based on parameters calculated and supplied by our client. None of the data in this report can be interpreted as a guarantee or warranty of the product design analyzed.

Factor of Safety Results – Crosshead Upward Load
Crosshead FOS is over 3.5X.

Iso clip at a value of ~3.5X FOS shows no failure and 

highlighted area (yellow) is isolated and of no concern.
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This report represents data as a result of Finite Element Analysis studies run by DiMonte Group Inc. for its client.  This data is accurate to the best of our knowledge, based on parameters calculated and supplied by our client. None of the data in this report can be interpreted as a guarantee or warranty of the product design analyzed.

Factor of Safety Results – Bolts Upward Load
Applied appropriate preload to all bolts (e.g. 212 ft-lbs torque for 5/8”)

Increase load to 3.5x (5341 lbs upward) since we need a 3.5x FOS

• We’re increasing load because factor-of-safety plots would incorrectly 

show an unloaded bolt failing due to installation torque alone

No bolts yield with 3.5x applied load

Highest load thru any bolt is 22,167 lbs (83,335 psi) which is well below 

the yield strength of 130,000 psi for a grade 8 bolt 
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