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1 INTRODUCTION

The 30-Ton CHA Bridge crane located in the 324 Building experienced severe wear between
the Bridge Wheels and the rails. The cause of the wear was determined to be the result of poor
wheel alignment. A design was prepared and released on EDT 627083, EDT 627084 and EDT
627085 to install eccentric bushings and modified axles to change the wheel alignment and
correct the problems based on wheel alignment measurements. In the Fall of 2001, it was
determined that by adjusting the Bridge End Truck channels, wheel alignment was vastly
improved and wholesale installation of modified axles was not necessary. However, the
alignment of the North West Bridge Idler wheel could not be fully corrected without subsequent
misalignment of the West Bridge Drive Wheel, thus a modified axle and eccentric bushing was
installed in the North West Idler Wheel (with an eccentric bushing on the inboard side only).
The final configuration of the axle and eccentric bushing installed in the North West Bridge
Idler Wheel is shown on HNF-FMP-01-9161-R0B.

2 DISCUSSION

2.1 Design Requirements

The requirements of the Crane Manufacturers Association of America, Inc. (CMAA)
Specification 70, Specifications for Top Running Bridge and Gantry Type Multiple Girder
Electric Overhead Traveling Cranes shall be satisfied.

2.2 Modification of the 324 Building CHA 30-Ton Crane Bridge Idler Axle

The modified axle and eccentric bushing was installed in the North West Idler wheel of
the 30-Ton CHA crane per work package 31-01-00378. The new axle was fabricated from

Page 1 gf/:Z;A
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SAE/AISI 4340 Medium Carbon High Alloy Steel. The Eccentric Bushing was fabricated
from SAE/AISI 4140 Medium Carbon Alloy Steel. The final configuration of the axle and
eccentric bushing is shown on HNF-FMP-01-9161-R0B.

3 SUMMARY

The analysis of the design for modified axles and eccentric bushings were originally
prepared to reflect the configuration as originally released on EDT 627083, EDT 627084
and EDT 627085. Changes to the design as reflected in HNF-FMP-01-9161 were
enveloped by the original design, however the original calculations could not be located
and do not appear to have been issued into the FH data retrieval system. This document
was prepared to analyze the as-built configuration and to formally document compliance
with all applicable design requirements. As shown in the analysis (Appendix A), the
design modifications comply with the Crane Manufacturers Association of America, Inc.
(CMAA) Specification 70, Specifications for Top Running Bridge and Gantry Type
Multiple Girder Electric Overhead Traveling Cranes and is acceptable.

4 REFERENCES

1 Blodgett 1963, "Design of Welded Structures", James F. Lincoln Arc Welding
Foundation, Cleveland, Oh.

2 Shigley & Mischke, 2001, Mechanical Engineering Design, Sixth Edition, McGraw-Hill
Book Company

3 AISC, 1989, "Manual of Steel Construction, Allowable Stress Design", Ninth Edition,
American Institute of Steel Construction, Inc., Chicago, llinois.

4 (CMAA) Specification 70, 2000, “Specifications for Top Running Bridge and Gantry
Type Multiple Girder Electric Overhead Traveling Cranes”, Crane Manufacturers
Association of America, Inc., Charlotte, NC.

5 Roark and Young 1975, "Formulas for Stress and Strain", Fifth Edition, McGraw-Hill
Book Company

6 Union Machine Works Drawing D64-148, “307 TROLLEY ASSEMBLY”
7 Union Machine Works Drawing D64-149, “307 CRANE GEN'L ARRANG”
8 Union Machine Works Drawing D64-076, “BRIDGE ASSEMBLY”

9 Union Machine Works Drawing B64-055, “WHEEL PIN, BRIDGE”
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10 Union Machine Works Drawing B64-056, “BRG SPACER, BRIDGE”

11 Union Machine Works Drawing C64-060, “OUTBOARD TRUCK FRAME”
12 Drawing H-3-309323, “Prescription Idler Wheel’

13 Drawing H-3-309312, “Wheel Shaft for Eccentric”

14 Drawing H-3-309313, “Eccentric Bushing”
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1.0 INTRODUCTION:

The 30-Ton CHA Bridge crane located in the 324 Building experienced severe wear between the
Bridge Wheels and the rails. The cause of the wear was determined to be the result of poor wheel
alignment. The wheel alignment was originally measured by P&H Morris Material Handling Co.
using straight edges and calipers. The measurements indicated severe wheel misalignment
associated with several of the bridge wheels. A design was prepared and released on EDT 627083,
EDT 627084 and EDT 627085 to install eccentric bushings and modified axles to change the wheel
alignment and correct the problems base on these wheel alignment measurements. Wheel
alignment measurements were later performed by Fluor Hanford using lasers to improve the
resolution of the measurements. Misalignment of the wheels was confirmed, however the degree of
misalignment was somewhat different.

In the Fall of 2001, it was determined that by adjusting the Bridge End Truck channels, wheel
alignment was vastly improved and wholesale installation of modified axies was not necessary.
However, the alignment of the North West Bridge Idler wheel could not be fully corrected without
misalignment of the West Drive Wheel, thus a modified axle and eccentric bushing was installed in
the North West idler wheel (with an eccentric bushing on the inboard side only). The final
configuration of the axle and eccentric bushing installed in the North West Bridge Idler wheel is
shown on HNF-FMP-01-9161-R0B.

At the time the wheels were aligned and the modified axle/eccentric bushing was installed, new
"Prescription Wheels" designed and manufactured by P&H were also installed to replace the worn
wheels,

2.0 PURPOSE:

The analysis included in the report was prepared to;

1. Perform an assessment of the axle/eccentric bushing to demonstrate that the capacity of the
new axle was not adversely affected by the design modification.

2. Estimate and document the loads imposed on the modified axle.

3. Demonstrate that the modification complies with the Crane Manufacturers Association of
America, Inc. (CMAA) Specification 70 requirements.

Since the replacement "Prescription Wheels" were designed and manufactured by P&H specifically
for use on the 30-Ton CHA Crane, further analysis of the wheels as part of this document is not
necessary.
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3.0 REFERENCES:

Union Machine Works Drawing D64-148, 30T TROLLEY ASSEMBLY

Union Machine Works Drawing D64-149, 30T CRANE GEN'L ARRANG

Union Machine Works Drawing D64-076, BRIDGE ASSEMBLY

Union Machine Works Drawing B64-055, WHEEL PIN, BRIDGE

Union Machine Works Drawing B64-056, BRG SPACER, BRIDGE

Union Machine Works Drawing C64-060, OUTBOARD TRUCK FRAME

. Mechanical Engineering Design, Shigley & Mischke, Sixth Edition

Formulas for Stress and Strain, Roark and Young, Fifth Edition

. American Institute of Steel Construction, Manual of Steel Construction, Ninth Edition

0 .Crane Manufacturers Association of America, Inc. (CMAA) Specification 70, Specifications for
Top Running Bridge and Gantry Type Multiple Girder Electric Overhead Traveling Cranes

11 .Ryerson Stock List & Data Book, 1987-88 Edition.

12, Drawing H-3-309323, Prescription Idler Wheel.

13 . Drawing H-3-309312, Wheel Shaft for Eccentric

14 , Drawing H-3-309313, Eccentric Bushing

15, HNF-FMP-01-9161-R0OB, 324 Building 30-Ton Crane Bridge Wheel Replacement

16 . Design of Welded Structures, Blodget, 1963, James F. Lincoin Arc Welding Foundation

H W o-JdonWuldwpR

4.0 CONCLUSIONS:

1. The modified axle with eccentric bushing was found to have an allowable shear
capacity greater than the original axle that it replaces due to improved materials of
construction. However, the allowable bending capacity is less than the original axle
that it replaces due to the reduced section combined with a stress concentration
factor at the shoulder between the larger and smaller diameter of the axie shait.

2. The design loads were determined and the new axle shaft design was evaluated when
subjected to the design loads. The design modifications meet the requirements of the
Crane Manufacturers Association of America, Inc. (CMAA) Specification 70 for the
applicable load cases.

5.0 EVALUATION:

5.1 Material Properties

Original Axle Material Properties:

The original axle was identified on the drawings (Reference 4) as having been fabricated
from C-1018 CRS. Typical properties for this material was obtained and collaborated from
Reference 7 and Reference 11. The material properties are considerably different
depending on finish. The cold rolled condition exhibits the greatest material properties

and was conservatively assumed.

Fy 1018:= 54000-~1bE Yield Strength of SAE/AISI 1018 Cold Drawn Carbon Steel

mn

Fy 1018:= 64000—% Ultimate Strength of SAE/AISI 1018 Cold Drawn Carbon Steel

m
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New Axle Material Properties:

The new axle was fabricated from SAE/AISI 4340 Medium Carbon High Alloy Steel (UNS
G43400) as specified on drawing H-3-309312. The selected material was intended to
have a minimum yield strength of 162 ksi and a minimum ultimate strength of 182 ksi (as
specified on the drawing, Reference 13). Upon receipt of the material, the Certified
Material Test Report identified actual material properties that were less than specified
and an NCR was processed to document the discrepancy. The CMTR (included in
Appendix B) identified the following properties:

Fy 4340 := 133835-£ Yield Strength of SAE/AIS| 4340 Medium Carbon High Alloy
- in?  Steel (UNS G43400)
Fuy 4340:= 149350.£ Ultimate Strength of SAE/AISI 4340 Medium Carbon High

in®  Alloy Steel (UNS G43400)

New Eccentric Bushing Material Properties:

The new eccentric bushing was fabricated from SAE/AISI 4140 Medium Carbon Alloy
Steel Cold Drawn (UNS G41400) as specified on drawing H-3-309313. The selected
material was specified with a minimum yield strength of 90 ksi and a minimum ultimate
strength of 102 ksi (as specified on the drawing, Reference 14):

Fy 4140 = 90000.ﬁ Yield Strength of SAE/AISI 4140 Medium Carbon High Alloy

2 Steel (UNS G41400)

Fy 4140:= 102000-£ Ultimate Strength of SAE/AIS| 4140 Medium Carbon High

2 Alloy Steel (UNS G41400)

5.2 Allowable Stresses

Allowable Bearing, Shear and Tensile Stresses:

Stress Level 1 {Load Case 1):

New Axle and Eccentric:

Oa axle 1 =0.6'Fy 4340 OF Oy axic 1 = 80301 1Ll Allowable Axial and Bending

i  of New Axle

b
Tv axle 1 :=0.35Fy 4340 OF 1y ade 1 = 4684?..25—2 Allowable Shear of New Axle
in

ib . .
Op ecc | =0.75Fy 4140 O  Op eec 1= 67500-; Allowable Bearing of Eccentric
in
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Original Axle:
Oa old = 0.6Fy 1018 ©OF Caald = 324001—b Allowable Axial and Bending
- N - in® of Original Axle
Tv oid = 0.35Fy 1018 oOF Ty _old = 18900 l—bz Allowable Shear of Original Axie

mn
Stress Level 2 (Load Case 2) - New Axie and Eccentric:

ib . ]
Og axle 2 =0.66:Fy 4340 OF oy axle 2 = 88331.1 —  Allowable Axial and Bending
- in®  of New Axle
Tv_axle 2 = 0.375-Fy 4340 OF Ty axle 2 = 50133.125£ Allowable Shear of New Axle
in2
b . .
Ob ecc 2= 0.80Fy 4140 OF  Op ecc 2 = 72000 = Allowable Bearing of Eccentric
in
Stress Level 3 (Load Case 3) - New Axle and Eccentric:
b . .
Og axle 3 = 0.75Fy 4340 OF  Ga axle 3 = 1.004x 105—— Allowable Axial and Bending
-7 - T i©  of New Axle
Ib
Tv_ax]e_3 = 043Fy_4340 or 1\'_&)(]6_3 = 57549.05— A||0wab|e Shear Of NeW A)(fe
ir12
Ib . .
Ob_cec 3:=0.90-Fy 4140 OF  Op eoc 3 = 81000 - Allowable Bearing of Eccentric
n

5.3 Comparison of Allowable Bending, Shear and Bearing

The capacity of the axle is a dependent upon the materiais of construction, geometry and the
loads imposed. Assuming the imposed loads are the same for both the new and old axle
design, capacity of the new configuration can be compared to that of the original configuration.

Original Axle:
dpig := 3.5419-in Minimum Diameter of Original Axle {Reference 4)

[" '(dbisﬂ

Seld == 3 o Spig = 4.3621"113 Minimum Section Modulus

2
(“'dbig) .2 -
Agld == — or A = 9.853in Minimum Area

Mmax = Sold'Ca_old
or Mmax = 1.413 x 10° inIh Maximum Allowable Bending Moment
Vimax = Aold'Tv_old

or Vmax = 1.862 x 10’1 Maximum Allowable Shear
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New Axle:
dsmali = 3.041.in Minimum Diameter of New Axle (Reference 15)

Tt.
Saxle small = —d;?L oF  Syxle smafl = 2.761 in>  Minimum Axle Section Modulus

Saxle_large = Sold or Saxle large = 4.362 in°  Maximum Axle Section Modulus
2
R dsmall .2 . .
Aaxle small = — OF  Agxle small = 7.2631in Minimum Axle Section Area
Aax]c_largc = Aold or Aax]e_largc = 9.853 11’12 Maximum Axie Section Area

Since the new configuration introduces a stress concentration at the interface between the
larger and smaller diameters, a stress concentration factor should be included. The stress
concentration factor based on Reference 7, Figure E-15-9, "Round Shaft with Shoulder
Fillet in Bending".

Ratio of Large to Small Shaft Diameter: Diaio = doig Datio = 1.165
dsmal
Shoulder Radius: radius := 0.1875-in
. . . . radius
Ratio of Shoulder Radius to Small Shaft Diameter: Tratio = 3 fratic = 0.062
mall

Stress Concentration Factor:

05 | -0.14 - 0.363.(Dratio)” + 0.503-(Dratio)

44 + (rratio)h :

Ki 1= 0.632 + 0.377-(Dratio) > 4
I = 2.39{Dratio)” + 3368 (Dratio)

K= 1.921

(Saxlc_small "Ta_axle 1 )
Ky

max -—

or Mmax = 1.154 x 105 in-Ib Maximum Allowable Bending Moment at Small Section

Vaxle max ‘= Aaxle_small ‘Tv_axle_1
or Vaxle_max = 3.402 x ]05 Ib Maximum Allowable Shear at Small Section
Since the maximum allowable bending moment of the new axle design is less than that

of the original axle, a more complete evaluation of the new axle is necessary based upon
the actual loads imposed.




ENGINEERING WORKSHEET

(1) Reference Drawing __ See Section 3.0 (2) Doc. No. HNF-11175  (3) Page_A6 of A15

(4) Building No.__324 Building (5) Rev,_0 (6) Job No,

(7) Subject__Evaluation of the 30-Ton CHA Crane Wheel Axle Modification

5.4 Loads Applied to Crane Bridge ldler Wheel

The weight of the 30-Ton CHA Bridge Crane is identified on several of the original Union Machine
Works drawings. The weight of the entire crane is shown on Reference 2 as 30,000 pounds. The
weight of the bridge is identified as 18,560 pounds on Reference 3 while the weight of the trolley is
listed as approximately 10,000 pounds on Reference 1. Since the sum of the weights listed for the
trolley and bridge is less than the total weight of the crane, it is conservative to assume the

additional weight is part of the trolley (wire rope, lower block etc.). Therefore the weight of the trolley
was assumed to be 11,440 pounds. The load cases to be considered are from Reference 10,
Section 3.3.2, "Loadings".

DL := [8560:1b Dead |load associated with the crane bridge
TL := 11440-1b Dead load associated with the crane trolley
LL = 60000 1b Rated crane lift load

There are a number of Load Factors that must be considered as per Reference 10, Section 3.3.2,
"Loadings”
5.4.1 Vertical Forces:

Dead Load Factor:
65

DLF:=105+ — or DLF=1.083 Vertical Dead Load Factor to be applied only
2000 to the dead loads of the crane , trolley and
DLF i := 1.1 associated equipment. The minimum Dead
Load Factor applies for the maximum travei
DLFpax =12 speed of 65 feet per minute (max bridge travel
speed).
Hoist Load Factor:
HLF := 0.005-(20) or HLF=01 Vertical Hoist Load Factor to be applied
only to the rated working loads of the
DLFmjn = 0.15 crane based on maximum hoist speed of
20 feet per minute. The minimum Hoist
DLFpax = 0.5 Load Factor applies.

5.4.2 Lateral Forces:

Lateral forces include Inertia Forces from Drives (IFD) and are dependent upon the acceleration
or deceleration of the crane bridge and trolley drives as 7.8 times the acceleration or
deceleration with a minimum of 2.5% of the vertical load. The available vendor information does
not identify the acceleration and deceleration rates. Field measurement or additional analysis
would be necessary to determine these parameters. However, since the controls on the 30-Ton
crane allow operation of only one motion at a time, and since the hoisting loads combined with
dead loads will likely subject the axle and eccentric bushing to the most significant loading, the
minimum IFD forces of 2.5% of the vertical load will be conservatively considered to actin
conjunction with Load Case 2, principal and additional loading.

IFD = 0.025 Lateral Inertia Forces
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5.4.3 Additional Loads and Extraordinary Loads

The forces identified by Reference 10 as "Additional Loads" or "Extraordinary Loads" include
wind load (WLO}, Skewing Forces (SK), Stored Wind Load (WLS8) and "Collision Forces™.
Since the crane is operated in the CHA, the loads associated with wind need not be
considered. Forces associated with a collision of the bridge against the building structure
could have a significant affect on the bridge structure and trolley, but would not impose high
loads on the idler wheel axle and are not considered here. However, collision forces between
the trolley and the bridge end stops would impose a lateral load against the bridge wheels
and must be considered. The skewing SK forces will also be considered. Even though the
collision forces could occur only when the trolley is in motion and the skewing forces could
occur only when the bridge is in motion (which is precluded by the control system design), it
is conservative to consider then acting together to ensure their effects are bounded.

Skewing Forces:

Skewing forces are determined per Reference 10, Section 3.3.2.1.2.2 based an the crane
bridge span and wheel base.

BL := 400-in Bridge Span (Reference 3)
WL := 114.625-in  Wheel Base of the end trucks (Reference 6)

Ratio = E or Ratio = 3.49
WL

Sgk :=0.05 Skew Force Coefficient (Reference 10, Section 3.3.2.1.2.2)
Collision Forces:

Only the potential collision associated with the trolley hitting the travei stops at the ends of each
bridge beam needs to be considered. Since the 30-Ton Crane is not equipped with energy
absorbing bumpers, the collision forces must be absorbed by the crane bridge and building
structures. Only the weight of the troliey needs to be considered per Reference 10, since the
suspended load is free to oscillate. For the purpose of this analysis, It is conservative to
assume that:

1. The building is a rigid structure and absorbs no energy associated from the impact load. If
the crane is situated in the vicinity of the hot cells, the building is indeed rigid.

2. While itis likely that both end trucks will absorb some of the energy, it is conservatively
assumed that only one pair of wheels is in contact with the rails and only one end truck
absorbs all of the energy associated with the impact.

3. The mass of the bridge (and its ability to receive some of the collision energy) Is neglected.

4 . The Maximum trolley speed is 30 feet per minute per Reference 20. Per Reference 10, the
collision velocity is assumed to be 40% of the maximum velocity.
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W= — Assume the load applied at each Bridge Beam to End Truck Connection is
2 1/2 of the total.

Vel := 0.4-(40-—ﬁ_-] Vel =16 _11_ Collision Velocity
min min

Liruck := 114.625-in Length of Bridge End Truck (Wheel Base)
Whridge := 72in Distance Between Bridge Beams

a= %.(Lm,ck - Whridge) ~ Dimension "a” between Centerline of Bridge Rail and Bridge Wheel

E =29 106-E Modulus of Elasticity, (Reference 9, Page 6-30)
2
Iyy = 8.13-in4 Area Moment of Inertia for End Tuck C-Channels (Reference 9)

The end trucks are composed of two C 15 x 33.5 channels in parallel. Itis assumed that each
channels will deflect the same and hence they will share the loads. The deflection for a simply
supported beam ( supported at a distance equal fo the centeriine of the bridge wheels) with two
equal loads located an equal distance from each support is:

y= %-(3-14-81 342 32) Reference 16, Page 8.1-6, Case 3Ac

The stiffness of each of the two channels is represented by a spring constant. k;
k=Fl
The stiffness of both channels is:

2{6.E1
ki= ( 2W) k = 24084.104 2
(3-Liuekca® ~ 44%) .

The maximum deflection of the channels as a result of the collision is:

Vel
Ymax =
kg

W

The maximum collision force applied at each connection between the bridge beam and
the end truck (and hence the maximum lateral load applied to each of the two bridge
wheels assumed to carry the load) is:

CF := k'ymax CF=1911.481b

Ymax = 0.07%1n Reference 7, Equation 4-84
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5.4.4 Load Combinations
Load Case 1 - Principal Loads (Stress Level 1):

DL-(DLFg) + TL-(DLFy) + LL-(1 + HLF) + IFD
Load Case 2 - Principal and Additional Loads (Stress Level 2):
DL-(DLFg) + TL-(DLFy) + LL-(1 + HLF) + IFD + WLO + SK

DLFB := DLE min Since the crane travel speeds are slow, the minimum Dead Load
DLF7 := DLFpn Factor applies to both the bridge and trolley.

Load Case 3 - Extraordinary Loads (Stress Level 3):
DL+ TL+LL + CF

5.4.5 Load Case 1 - Horizontal and Vertical Forces

As shown in Figure 1, the main hook approach distance is 5 feet from the center of the
bridge rails. As shown in figure 2 (and Reference 1), the main hook is centered on the
trolley between the two bridge beams.

Vertical Loads on Idler Wheel:

DL (BL — 5-ft) [ TL

IL
Pyy = —=. ~= (DLFp) + ==-(1 + HLF
V=T BL [2( )+ 5 )}

(DLFp) +

or Pyp = 29475310
Lateral |.oads on |dler Wheel:

Phy =Py IFD  or Ph1 = 736.882 b

5.4.6 Load Case 2- Horizontal and Vertical Forces

Since wind loads are not applicable, the Load Case 2 is nearly identical to Load Case 1
with the addition of lateral Skewing Forces (vertical loads are the same as Load Case 1).

Lateral Loads on Idler Wheel:
Pha =Py -IFD + Py-Sgc of Pha = 2210.6471b
5.4.7 Load Case 3- Horizontal and Vertical Forces

Vertical Loads on Idler Wheel:

DL (BL-5f)(TL LL
2 2

Py3 = — = or Py3 = 35002 1b
Lateral Loads on Idler Wheel:

Ph3 = CF or Pp3 = 1911.481b
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Figure 1: 30-Ton Crane General Arrangement:
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Figure 2: 30-Ton Crane End View:
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Figure 3: 30-Ton Crane Bridge Idler Wheel Arrangement:

IDLER WHEEL ARRANGEMENT
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5.5 Evaluation of New Axle

5.5.1 Wheel and Axle Loads
Wheel and Axle Loads - Load Case 1:
By Sum of the Moments about point “a” on the [dler Wheel (See Figure 3):

[(Py1)-(7.3:in — 4.153-in) + (Pn1)-(7.229-in) |
7.3-in

Py casel =

OF P casol = 1343639 1b

By Sum of the Forces on the Idler Wheel in the Y direction:
Py casel = Py1 = Pb_casel or Py casel = 16038.904 1b

By Sum of the Moments about point 1" on the Axle (See Figure 3):

(Pb casel)-(1.348:in + 0.437-in) + (Py_case1)-(1.348-in + 0.437-in + 7.3.in)
10.875-in

R1 caset ==

or R1_casel = 15604.3591b

By Sum of the Forces on the Axle in the Y direction:

R2 caset = Pa_casel +Pb_casel = R1 casel or R2 case1 = 13870.9411b
Wheel and Axle Loads - Load Case 2:

By Sum of the Moments about point "a" on the Idler Wheel (See Figure 3):

[ (Py1)(7.3-in - 4.153-in) + (Ppg)-(7.229-in) |
7.3.n

Pb case = OF Py cagez = 1489582710
By Sum of the Forces on the Idler Wheel in the Y direction:

Pa_casc2 =Py =P b_case2 or Pa_case2 = 14579.4731b

By Sum of the Moments about point "1" on the Axle (See Figure 3):

(Pb_case2)-(1.348:in + 0.437-in) + (Py_case2)-(1.348:in + 0.437-in + 7.3-in)
10.875-in

Ry case2 ==
or Ry casez = 14624.6951b

By Sum of the Forces on the Axle in the Y direction:
R? case2 = Pa_case2 + Pb_case2 — R1_case2 or R2 casep = 14850.6051b
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Wheel and Axle Loads - Load Case 3:
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By Sum of the Moments about point "a" on the Idler Wheel (See Figure 3):

[ (Py3)-(7.3-in — 4.153-in) + (Pp3)-(7.229-in) |

Pb_case3 = 730

By Sum of the Forces on the Idler Wheel in the Y direction:

Pa_case3 = Pv3 — Pb_case3 or

Py _casc3 = 18019.893 1

By Sum of the Moments about point "1" on the Axle {(See Figure 3):

R case3 =

(Po_case3)(1.348-in + 0.437-in) + (Py casc3)-(1.348:in + 0.437-in + 7.3-in)

or Ry case3 = 17841.2681b

10.875-in

By Sum of the Forces on the Axle in the Y direction:

R2 case3 = Pa_case3 + Pb_case3 ~ R1_case3

5.5.2 Evaluation of New Axle

or R2 case3 = 17160.7321b

Axle Shear and Bending at Smallest Section:

The maximum moment on the smallest diameter portion of the axle will occur near the

radius shoulder adjacent to the applied load R,. The maximum shear will also occur at the

minimum area.
Load Case 1:

Measel small = R2_cage1(0.50-in)

Kt‘Mcasel_small
Ob casel small = ——
Saxlcismall

R2ﬁcasel
Tay == ——————— or

Aaxlc_smali

or

Ob casel small = 4826.092—2

b
Tmax = }909779—;

m

b

m

OK

OK
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Load Case 2:

Mcase2 _smalt ‘= R2_cage2(0.50-in)

Ki-Mcase2 small b
O'b_casez_smal[ = — or Gb__C&SG2 small = 5166944_— OK
Saxle small - in2
R3 case2 b
Tnax (= —— or Tmax = 2044 661 — OK
Aax}e_smsll in2
Load Case 3:

Mcasc3_smal] = Rzicasc:i '(O-SO‘iﬂ)

Ki-Mcase3 small 1b
Ob case3 small = —(/—— or Ob case3 small = 3970.703 — oK
Saxle_small - - in2
R2 case3 Ib
Tax = or Tmax = 2362.725 — OK
Aaxle_small 02

5.5.3 Evaluation of New Eccentric Bushing

The eccentric bushing is limited by bearing load from the axle. The bearing loads against the
end truck channel and doubler plate were not changed by the modifications. The bearing
stresses between the axle and the eccentric bushing were calculated to be:

Whearing = 0.375-in + 0.500-in Assume bearing area is the thickness of the C-Channel
plus the 1/2" doubler plate.

Aprojected = (Whearing) {dsmall)  OF  Aprojected = 2.661 in®  (Axle Bearing Area in Channel)

Load Case 1;
R2 casel Ib

O bearing = === O Gbearing = 5212.925— OK
Aprojcctcd in2

Load Case 2:
R2 case2 b

Obeating = —=———  OF  Gbearing = 5581.098— OK
Aprojected in2

Load Case 3:
R2 case3 Ib

Ohbearing = Lol or Obearing = 6449.282 — OK

Aprojcctcd 11'12
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