Design Note:  Mechanical limits of 48"dome drive/bogie system
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From dwg 101165 & 101166

 

Calculate Preload Spring rate:
 

Karl D reports that installed spring compressed length is 11.5".  This is longer than shown in assembly dwg.  (9.375")

Spring coil and wire diameter measure, # of coils counted.  Confirmed spring is according to drawing.

 

Determine spring rate
 

Using calculator and assuming closed ground end………10 active coils.

http://www.acxesspring.com/spring-calculator.html
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Rates & Loads
Spring Rate (or Spring constant), k:  498.827 Lbs/in
True Maximum Load, True Frex:  1,963.113 IbF
Maximum Load Considering Solid Height,
Sold Height P, #983113 1bF
Safe Travel
True Maximum Travel, True Travelna,: 3.935In
Maximum Travel Considering Solid Height, 5 g3
Solid Height Travelns,: °-5°° 1N
Minimum Loaded Height : 9.315 In

Physical Dimensions

Diameter of spring wire, d:
Outer diameter of spring, Douer
Inner diameter of Spring, Disner
Mean diameter of spring, Dmesn
Free length of spring, Lsee
Number of active coils, na

Number of total coils, nr

0.750In

5.250In

3.7501In

4.500In

13.250 In

12





 

 

Currently installed preload on tire
Based on measured compressed length of 11.5" (from Karl D), and spring rate from above calculator:  k= spring rate = 500 lbs/in

dL= compression from free length = 13.25 - 11.5=1.75"

 

Fs= Spring force= dL * k = 1.75" * 500lbs/in = 875 lbs

 

Ft = Load on tire from Spring force (current installed)

 

Fs * 38"  =  Ft * 28"

Ft = 875 *38/28= 1187.5 lbs

 

Nominal design preload on tire:
dL= compression from free length = 13.25 - 9.375 = 3.875 (nominal spring comp. from dwg)

 

Fs= Spring force= 3.875" * 500lbs/in = 1937.5 lbs     

Ft = Load on tire from Spring force = 1937.5 *38/28= 2629.5 lbs  (>50% higher force on tire than currently installed condition)

 

 

 

 

Dome drive calculations
 

Friction drive wheel reference

http://www.schwingmetall.com/download/catalog/WT5556_Rotafrix_Catalog_en.pdf
 

Typical coefficient of friction for elastomeric/steel Friction Drive:  0.7

 

Friction load:

We measured 320 lb pull to move the dome (breakaway from static was the same, there is no indication of higher static friction).  Assuming 10° pull misalignment in Y and Z,  gives 310 lb tangential pull.  With a 21 ft radius, dome rolling friction ≈ 6510 lb-ft.
 

Inertial Load:

From calculations using dome and motor properties:  ~7900 lb-ft torque

(see 48in Dome SpecSheet_V1)

This is worst case value based on theoretical motor output.  A more realistic and lower value could be derived from actual dome acceleration measurements.

 

Total torque:  Friction torque + Inertial torque:  6510 lb-ft + 7900 lb-ft = 14,410 lb-ft

 

Tangential start-up force on dome drive band:  14,410 lb-ft / 21ft = 686.2 lbs

 

Theoretical traction drive force:  

Current Installed condition:    

Drive wheel pre-load: 1187.5 lbs

With CoF:  1187.5 * 0.7 = 831.25 lbs

 

Nominal design spring preload condition:

Drive wheel pre-load: 2629.5 lbs

With CoF:  2629.5 * 0.7 = 1840.65 lbs

120% higher drive force capable than installed current settings;

Net radial force at drive wheel shaft:

Max Tire tractive force at contact = τ/r = 10100 lb-in / 8.125" = 1243 lb  

(10100 in-lb is gearbox max output)
Nominal tire contact force = = 2630 lb   (Ft from above)
Tractive force of tire generates a reaction force at shaft normal to contact force

Net radial shaft force = √ (x²+y²) = √ (2630² + 1243²) = 2909 lb
 

 

Dome truck radial bearing capacity
 

Dome truck radial bearing:  MRC 5208
Double row angular contact bearing

 

Assume worst case that 2 radial bearings are loaded:

 

Net radial shaft force:   2909 lbs

 

 

Radial load per bearing:  ~ 2909/2=   1454.5 lbs
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MRC.N d D B T, o [ Grease  Oil
number  mm in. mm in. mm in.  mm i N b N 1bf m m pm
520058 10 3937 30 11811 1429 5625 6 025 7610 1710 4300 967 16000 22000 16000
520158 12 4724 32 12598 1588 6250 66 025 10400 2340 5600 1260 15000 20000 15000
520258 15 5906 35 13780 1588 .6250 66 025 11400 2560 6800 1530 12000 17000 12000
520358 17 6693 40 15748 1747 6876 4 025 14300 3210 8800 1980 10000 15000 10000
5204 20 7874 47 18506 2064 8125 100 060 19000 4270 12000 2700 9000 13000 9000
5205C 25 9843 52 20472 2064 8125 100 040 20800 4680 14000 3150 8000 11000 8000
520501 25 9843 52 20472 2223 .8750 100 040 20800 4680 14000 3150 8000 11000 8000
5206C 30 11811 62 24409 2381 9375 100 040 28600 6430 20400 4590 7000 9500 7000
5206C1 30 11811 62 24409 2699 10625 100 040 28600 6430 20400 4590 7000 9500 7000
5207C 35 13780 72 28346 2699 10625 100 040 37700 8480 27500 6180 6000 8000 6000
5207C1 35 13780 72 2836 3016 11875 100 040 37700 8480 27500 6180 6000 8000 6000
5208C 40 15748 80 3496 3016 11875 100 .040 44900 10100 34000 7640 5600 7500 5600




 

 

 

Per SKF Bearing literature:

Bearing 5208C    80mm OD

Dynamic Rating:  11,100 lbs

Static Rating:  7640 lbs

 

Assume no thrust load.

Equivalent radial load= P=  1454.5 lbs (from above)

C = Dynamic load rating = 11,100 lbs

L10 life = (C/P)^3 = (11,100 / 1454.5)^3 = 444 million revs

L10 life is 90% reliability of a single bearing life under defined loading.

 

Bearing dia"  80mm =>  9.9" circumference

Rail circumference:   2*262*PI=1,646.19" 

Bearing rev/dome rev =  1646/9.9=   166.2626 bearing rev/dome rev

444E6/166 = 3.6205E6  ≈ 2.6 million dome revs for L10 bearing life
 

· Assuming 20 year life on bearings, L10 bearing life => 350 dome revs/day.
 

 

[image: image4.png]%
o
7 =S jg}——g-#\mm z‘g
L1TgE
a2 ] A BENL
-—'—— 2 MRC BRG 5266:F
TURN 1¥63 18 THRDS
BER N, FIT_SKF LOCKNUT
ﬁ,w,sz.smx :




 

From drawing:  102160

 

