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Introduction: 
 
A design study has been conducted to investigate possible solutions to two 
known SMA transporter problems. One is considered critical, while the 
other limits its drive capabilities (tractive effort). The critical problem is that 
the rear tires are operating significantly over their specified operating load 
capacity. Also, they have been in service over 10 years. This needs to be 
addressed before a tire failure or failures occur. Previous studies 
demonstrated that the transporter is safe when a tire failure (personnel and 
antenna) occurs, i.e. it will not roll over or harm the driver. However, tire 
repair/replacement will be difficult and poses safety concerns because the 
tire(s) require antenna removal to provide access for changing.  

 
The second concern is the transporters’ drive capabilities (tractive effort) 
when transporting an antenna. The transporters hydraulic system has been 
adjusted to its maximum operating pressure setting of ≅ 6000 psi. At this 
setting, the transporter is just able to climb the steepest road slope during 
antenna transport. This was reported previously in SMA-Technical memo 
number TM-146. Operating at this pressure setting has resulted in Hydraulic 
fluid leaks and could pose safety concerns as exposed hoses age and/or are 
damaged. A proposed design change is offered for consideration and is 
supported by a Rough Order of Magnitude (ROM) cost estimate.  
 
An additional area investigated was re-designing the rear Hydraulic systems 
to improve performance, serviceability and replacement of the High Pressure 
rubber hosing with metal tubing (leaks & safety) were possible. A Rough 
Order of Magnitude (ROM) costing was estimated for this work. A design 
study is proposed to prepare a conceptual design with a detailed cost 
analysis. 
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Tire Study 
 
The tire loads have been be computed (with good accuracy) by using 
antenna measurements made by Ant and transporter measurements by 
George and Roger. The tire load calculations are shown in attachment 1. 
These calculated loads are the basis for tires concerns. 

 
We selected only known and reputable manufacturers of Heavy Equipment 
tires of our required size. Those being: 
 

Bridgestone/Firestone; Jim Van Orsdel, Manager Original Equipment     
Engineering 
Goodyear Tire & Rubber Company; Dave Wright, NA/GDYR 
Dunlop Tire; (No reply) 
Michelin Tire; (No reply) 
 

The following (worst case) information was provided to all manufacturers: 
 

Tire size: 20.5-25 wide base type 
Maximum load: 28,000 lb. 
Maximum speed: 2 mph 
Road surface: compacted shale and lava rock, not paved 
Ambient temperature: 5 to 400 F 
Elevation; 13,600 feet above sea level (high ultra-violent light 
exposure) 

 
Information describing our application: 

 
Average transporting distance: 1.5 miles  
Maximum transporting distance: 2.0 miles 
Average speed while under load: 1.5 mph 
Maximum speed while under load: 2.0 mph 
Maximum loads per day: 2 
Maximum loads per 30-day period: 10 
 

Additionally, a projected minimum tire life of 300,000 revolutions under a 
28,000 load at 1.5 mph over a 5-year period was requested, which is the 
warranty period for this tire type. 

 

http://www.cfa.harvard.edu/sma/memos/10086010002.pdf
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The Tire & Rim Association (T&RA) publishes a yearbook, which provides 
specifications for nearly all tires manufactured within the USA as well as 
elsewhere in the world.  These specifications provide dimensional guidelines 
and load capacity ratings for the different size and types of tires.  Tire 
manufacturers follow these guidelines to build tires for the different 
industries and applications. They are responsible for building tires to meet 
these specifications. Manufacturers’ also provide additional safety margin to 
guarantee tire performance. How this increases the load capacity was 
unattainable from the manufacturers. It is considered “Company 
Confidential”. Knowledge of these additional margins would give us a better 
understanding of the true load capacity of the tires.  
 
This report is based on the T & RA “OFF-THE-ROAD” section and its 
relevant design information are provided in attachment 2.  This section is 
further divided to address more specific types of service. The transporters 
type of service is best defined as ‘LOADER AND DOZER”.  This type of 
service restricts the loaded travel speed to no more than 5 mph.  The distance 
traveled is limited to 250 feet, however the frequency of loaded transports is 
a large factor here. The transporters travel distance is greater but the 
frequency of loads is substantially less.  For earthmover haulage and loader 
applications, a 15% excess load factor is applied to tires used in this type of 
service.  When excess loads are encountered, tire inflation pressures must be 
increased 2% for each 1% increase in load. 

 
The following tire data for the current size tire on the transporter is taken 
from table WB-5: 

 
20.5-25 size, 20 ply; 20,900 lb. @ 65 psi inflation pressure 
20.5-25 size, 24 ply: 22,700 lb. @ 76 psi inflation pressure 

 
Note that the rating for the 20.5-25 size, 20-ply tire is 1360 lbs. greater than 
the old Bridgestone specifications (19,540 lbs.) given in attachment 3. This 
is the Bridgestone catalog page, which was used to purchase the current 
tires. The reason for this difference is not clear.  Either the specifications 
were increased sometime after 1993 or Bridgestone’s tire did not meet the 
Tire & Rim Associations specifications. 
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Reducing the maximum travel speed while under load allows the maximum 
load to be increased using the following factors: 

 
5 mph  No change 
2.5 mph +15% 
1.0 mph*  +18%   
Creep  +30% 
Stationary +60% 
 

* 1.0 mph is the measured transporter speed used in Hawaii for transporting 
antennas. Both manufacturers don’t test tires at this speed; so therefore, we 
have used half the straight-line interpolation value between 5 and 2.5 mph as 
a conservative estimate. 
 
Creep speed is defined as not more than 200 feet in 30 minutes. 
Reducing the loaded travel speed to 1.0 mph allows an 18% increase in load 
capacity: 

 
20.5-25 size, 20 ply; 24,662 lb. @ 65 psi inflation pressure 
20.5-25 size, 24 ply: 26,786 lb. @ 76 psi inflation pressure 

 
At this point, the 20-ply tire is still “overloaded” by 3,338 lb. (28,000 – 
24,662) or 13.5%.  Increasing the inflation pressure 27% (see above) to 82.5 
psi will increase this tire’s load capacity to 28,000 lb. 

 
The 24-ply tire is also still “overloaded” by 1,214 lb. (28,000 – 26,786) or 
4.5%.  Increasing the inflation pressure 9% to 83 psi will increase the tire’s 
load capacity to 28,000 lb. 

 
Jim Van Orsdel of Bridgestone/Firestone has recommended a Firestone 
20.5-25, 24 ply SRG DT, article 423181 tire for our transporter application.  
(Bridgestone does not build a 24-ply tire.)  This is the preferred choice for a 
replacement tire of the current size.  Jim has confirmed that reducing the 
travel speed to 2.5 mph, and increasing the inflation pressure to 87 psi would 
increase the load capacity to 28,000 lb. 
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Dave Wright of Goodyear Tire & Rubber Co. has recommended either of 
two tire designs: 

 
20.5-25 HRL E/L 3A 20PR 4S  Product code 125-903-563 
20.5-25 SGL E/L 2A 20PR 4S  Product code 125-903-560 

 
Both of these tires are 20-ply construction; Goodyear does not build greater 
than 20 ply tires in this size.  Dave has confirmed that reducing the travel 
speed to 2.5 mph, and increasing the inflation pressure to 86 psi would 
increase the load capacity to 28,000 lb. 
 
The T&RA design information for the required rim is shown in attachment 
4.   
 
Other tire questions investigated: 
 
1.0  Can a specially designed and manufactured tire of same physical size 

be made to satisfy the design requirements stated above? 
 
Answer: 
Bridgestone/Firestone and Goodyear are the only responders to this inquiry.  
In both cases, the quantities were not sufficient to warrant the engineering 
time to design a special tire that does not conform to the standards set by the 
Tire & Rim Association. 
 
2.  Can a solid metal tire with poly or rubber thread be made? 
 
This was discouraged because it would result in high pressure loading on the 
hanger floor and asphalt surfaces. It would also result in higher forces 
transmitted to an antenna during transport. 
 
3.   Can a larger tire work within the current bogie arms. 
 
It maybe possible; however, it will reduce the lift range and will make 
clearances with transporter structures uncomfortably close. A redesigned 
bogie arm would be recommended. 
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Next larger Tire size evaluation 
 
The Tire & Rim Association lists specifications for a 23.5-25, size tire with 
the following ratings: 

 
23.5-25 size, 16 ply; 20,900 lb. @ 44 psi inflation pressure 
23.5-25 size, 20 ply; 24,000 lb. @ 54 psi inflation pressure 
23.5-25 size, 24 ply; 27,600 lb. @ 69 psi inflation pressure 

 
This size tire, in either the 20 or 24-ply rating, can be increased in load 
capacity to meet our 28,000-pound requirement by increasing the inflation 
pressure and/or reducing the travel speed.  Reducing the travel speed to 2.5 
mph allows a 15% increase in load capacity.  This would take the 20-ply tire 
from 24,000 lbs. To 27,600 lbs., and a 3% increase in inflation pressure to 
56 psi would increase the load capacity to 28,014 lbs.  Reducing the travel 
speed for the 24-ply tire to 2.5 mph increases the load capacity to 31740 lbs., 
providing excess capacity. 
This size tire is approximately 5 inches larger in diameter and 2.5 inches 
wider.  Making a change to this larger tire requiring several transporter 
redesigns, those being: 
• New load wheel bogie assemblies 
• New tire rims 
 

MOTOR REPLACEMENT ANALYSIS 
 
 
Poclain manufactures a larger size wheel motor that uses the same mounting 
bolt pattern as the current motor.  The model is MS35-2-D21-P35-1120-2.  
This motors’ design information is shown in attachment 5 along with the 
current motor for comparison.  The model MS35 has a displacement of 
256.2 CIR, and the wheel-mounting flange has the same dimensions as the 
existing motor.  Retaining the current wheel motors on the front or steering 
“axle”, and replacing the four load wheel motors with the larger motor above 
yields a 26.5% increase in tractive effort for the propel system at maximum 
propel system pressure.  Making this change would also have the effect of 
developing the same tractive effort but at 26.5% lower propel system 
pressure.  It would also reduce the maximum propel speed by 26.5%.  The 
larger MS35 series motor is 2.43 inches longer between the mounting face 
and the wheel flange.  This requires that the center section of the wheel be 
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moved inboard 2.43 inches to keep the center of the tire tread in its present 
location.  The wheel motor housing is slightly larger than the current motor 
housing but it appears that it would fit into the motor mounting ring.  The 
hydraulic ports are in approximately the same location, but may require 
enlarging or relocating the openings in the mounting ring to pass the 
hydraulic hoses through. 
 
The original transporter design basis was to set the maximum operating 
hydraulic pressure at 5500 psi with a desired operating pressure for worst-
case conditions of 4000 psi. These design values therefore provided a drive 
safety margin of approximately 37% with a 500-psi reserve (Pump max. = 
6000 psi). This was based on an antenna maximum weight of 65,000 pounds 
and a road slope of 15 degrees. Hydraulic pressure and drive power 
(Tractive effort) are directly related. 
 
Transporter testing was performed in April of 2002 and reported in TM-146. 
The tests were conducted using an antenna base that was estimated to weigh 
approximately 65,000 pounds, which was the original design weight. The 
pressure readings from those tests indicated that the system had sufficient 
contingency designed into it for that transported weight. This is to say that 
with the pressure limiters set at 4000 psi, there was sufficient “reserve” to 
handle the expected worst-case conditions. 
 
During testing, we projected an antenna weight of 87,000 pounds and 
calculated the desired pressure setting for all possible worst-case conditions. 
That table is presented below: 
 
 Pressure required to climb maximum grade (15.6%):   4453 
 Pressure allowance for turning:       500 
 Pressure allowance for roadbed conditions:     500 
 Pressure allowance for speed fluctuations;     310 
 Pressure required for anti-spin capability:     890 
 Pressure design contingency:      1000 
 Desired pressure level:      7653 psi  
 
The maximum Hydraulic system pressure is 6000 psi and therefore the 
transporter is underpowered by 27.5% and 23 % for the recently measured 
antenna weight of 82,800-pounds. Replacing the four rear M25 motors with 
new M35 motors increases the drive system torque by 26.5%.  
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 Therefore a system pressure setting of 5500 psi. and pressure limiter 
settings of ≈ 4000 (psi.) satisfies the worst-case conditions while re-
establishing the original drive safety margins.  
 
 
 
CONCLUSIONS: 
 
This study revealed that large construction type tires could have their load 
capacity safely increased by reducing speed and increasing inflation 
pressure. The previous analysis demonstrated that a 24-ply tire of the current 
size could be safety used at our measured speeds and loads.  Also, it will 
provide a reasonable margin of safety. However, it is not possible to 
describe the safety margin in real terms. We can only express it as follows: 

•  The current tires have performed without failure for ≈ 4 years in 
Hawaii and ≈6 years at Westford. 

• The recommended tire has a 15% higher rating than the current tire. 
• Proper inflation pressure will increase the load capacity to the desired 

level, which is ≈ 2% higher than the maximum expected load. 
 

The reason for increasing inflation pressure is to maintain the tires design 
shape. Maintaining the proper shape reduces tire flexure as it rotates thereby 
reducing fatigue in the tires ply and outer material layers. The only higher-
pressure drawback is that it makes the tire more susceptible to punctures. 
The summit roadbeds and other surfaces make this type failure less likely 
and therefore not a major concern. 
 
Changing to the next larger tire would provide excess load capacity. 
However, its increased size would reduce the Transporter lifting range, 
although this would not be a problem. Also, we would need to evaluate how 
the transporter would operate with large rear tires and smaller front tires. 
These larger tires will not fit in the front wheel spaces and may cause 
steering problems. These are the main reasons for not recommending 
moving to the larger tire at this time.  
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ANALYSIS- TIRE REPLACEMENT ONLY 
TIRE: 20.5-25 size, 24 ply: 26,105 lb. 

    RIM: Re-Use of present rims 
DIRECT COSTS: 
 
ITEM   PART COST ($)  COST ($) VENDOR 
Tire   1200/tire   4800  R&G tire 
Rims   No cost     Hilo, HA. 
Mounting 75      808-935-2966 

O’rings  6 
Valve stems 13    

94     376  
Scrapping  400/tire   1600  (rough estimate) 
      Total direct cost estimate:     $6776 
 
IN-DIRECT COSTS: 
SAO Transport round trip (Vendor-Summit)  1 man-day 
Mechanical technician:     6 man days 
 
Note: Tire lead-time is 19-23 weeks ARO.  
We suggest that the present rims be used since they have not failed in 
service. However, during change over they can be inspected to evaluate their 
service rating. 
Scrapping costs for the old tires is only a best guess estimate. The tires need 
to be removed from the Island since to large for Landfill. 
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COST ANALYSIS- TIRE AND MOTOR REPLACEMENT 
TIRE: 20.5-25 size, 24 ply: 26,105 lb. 

    RIM: New rims required by motor change 
DIRECT COSTS: 
 
ITEM   PART COST ($)  COST  ($) VENDOR 
Tire   1200/tire   4800  R&G tire 
Rims   1425.00   5700 (4) Hilo, HA. 
Mounting 75      808-935-2966 

O’rings  6 
Valve stems 13    

94     376  
Scrapping  400/tire   1600 
 
Motors  10,366.23   41464.92 
Motor shipment (est)        500.00  
Elsass 
  Design and vendor coordination: 2500 
  Travel                         2600 
  Labor (10 days in Ha)          4000           9100.00  
 
TOTAL DIRECT COSTS:   63,540.92 
 
IN-DIRECT COSTS: 
SAO Transport from Vendors to summit:     1 man-day 
Mechanical technican:      14 man days 
Nystrom 
  Design 1 week 
  Travel  2-3 weeks 
  Labor 2-3 weeks 
 
Note: Tire lead-time is 19-23 weeks ARO. Motor lead-time is not available 
at this time. 
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HYDRAULICS MODULES 
COST ANALYSIS- HYDRAULIC MODULES 

Foreword: 
The present Hydraulics system components used for the rear drive motors 
and latching devices are attached to the two support arms. The design is 
difficult to service and uses rubber hosing to make all interconnections. Also 
the present covers are flimsy and don’t provide any containment of leaking 
fluids. Their arrangement and controls can be improved for both operation 
and servicing, while also converting most interconnections to metal piping. 
Also, the amount of interconnections can be substantially reduced. However, 
the external connections requiring motion will need to remain as flexible 
high-pressure hose. We propose to package the Hydraulic systems in sealed 
modules. The modules would be constructed and tested before shipment to 
Hawaii. This would make the change over easier with limit transporter 
downtime.  

Rough Estimate of Costs ($) 
DIRECT COSTS: 
 
ITEM       COST    
Hydraulic components    $60,000 
Elsass:        
  Design   30,000 
  Module  
 Construction 150,000 
 Testing    10,000 
 Shipment                   3,000 
  Travel 
     Installation and test  10,500 
 
TOTAL DIRECT COSTS:   $263,500 
 
IN-DIRECT COSTS: 
SAO Transport from Vendors to summit:     1 man-day 
Mechanical technician:      30 man days 
Nystrom 
 Design  2 man-month 
 Travel  
 Florida 3 Trips 4 days 
 Hawaii 1 Trip  10 days 
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ATTACHMENT 1 
TRANSPORTER TIRE LOADING ANALYSIS 

 
Introduction: 
 
The SMA antenna transporter was designed for an antenna weight of 65,000 
pounds. The antenna weight has grown over its development to an antenna-
transported weight requirement of 82,802 pounds. This is an increase of 
approximately 27 percent. This analysis studies the effect that this weight 
increase has on the transporters tires. 
 
Known: 
Transporter weight:   46879 lbs.   G. Nystrom at Haystack 
C.G. location:  X-X +73.4, Y-Y + 70.71  
 
Antenna weight:     82,802 lbs.  A. Schinckel at Mauna Kea 2/6/04 
Antenna C.G. loc:  X-X +12.31, Y-Y +1.44 G. Nystrom 2/6/04 data 
Transporter loc:  X-X + 137.96, Y-Y +75.99 
 
The coordinate system is shown on the attached transporter drawing. Also, 
to determine tire loading, the transporters’ hydraulic servo system designs 
need to be considered. The rear bogie arms hydraulic systems equalizes the 
tire loading on each tire per side with the auto leveling system equalizing the 
pressure side to side and front to back. This allows the transporter to remain 
level even thought the loads at the six tires are different. 
 
The equations of static equilibrium required are: 
 

Σ Forces up = Σ Forces down 
And 

Σ Moments = 0 
 
Assigning tire reaction forces: 
Front tires = R1 left side and R4 right side 
Rear tires = R2 & R3 left side and R5 & R6 right side 
 
From above R2 = R3 and can be represented by R7 acting at the mid-point 
between the tires. 
Similarly R8 represents R5 & R6 
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Moment distances are taken from the transporter drawings and/or from 
transporter measurements. Distances are measured in inches. 

Determine location of combined C.G. 
 
ΣMoments R1, R4 = 0 
 
ΣMoments R1, R4 = 83.5*(46879) + 179.31*(82802) + L*(46879+82802) 

 
L = 144.68 inches 

 
ΣMoments R1, R7 = 0 
 
ΣMoments R1, R7 = (71–3.85)*(46879) + (71+1.44)*(82802) – L*(46879+82802) 
 

L = 70.53 inches 
 

Note: The separation between tires side to side is 142 inches; therefore the 
center distance is 71.0 inches. We see that the combined C.G. is very close 
to the vehicle center and left hand side tires will carry a slightly higher load. 

 
Or 

 
ΣMoments R1, R7 = 70.53*(129681) – 142*(R4+ R8) 
    

(R4+ R8) = 64,411 
   (R1+ R7) = 129681-64411 = 65269 lbs 
 

From inspection the worst case tire loads are on the R1- R7 side and are: 
 
ΣMoments R1, R4 = 0 = 144.68*(65269) – 171.5*(R7) 

 
R7 = 55062 lbs. 

 
Since R7 represents 2 tires, the load per tire then is 27,531 pounds with the 
front tire load being 65269 – 55062 = 10207 lbs. Using similar analysis 
results in the following loads for all tires. 
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Tire loads 
R1 = 10208, R2 = 27531, R3 = 27531 
R4 = 10073, R5 = 27169, R6 = 27169 

 
Check 

∑ Weight = R1-R6 = Transporter + Antenna 
 

120681 = 46879 + 82802 
120681 = 120681 √ 
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ATTACHMENT 2 
TRANSPORTER TIRE DESIGN REQUIREMENTS 
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ATTACHMENT 3 
BRIDGESTONE TIRE CATALOG PAGE 
FOR PRESENT TRANSPORTER TIRE 
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ATTACHMENT 4- RIM INFORMATION 
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ATTACHMENT 5 

M35 & M25 MOTOR INFORMATION 
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