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Tuesday, 17 February 2009 
Att: Mr. Greg Wharton 
Sales Follow Up Systems Pty Ltd 
1c Ailsa Street, 
Box Hill, VIC 3128 
Phone:  9897 3511 – Fax: 9897 3822   
Email: gw@salesfollowup.com.au 
 
 
 
 

RE:  P 0548 WHEEL RIM COVERS 
 

Your ref: WHEEL COVERS DRIVER BUS LINES REGO SA SB68BX 
 
 
Dear Greg, 
 
The following report has been carried out to assess the suitability of the wheel rim advertising 
covers described in this report. 
 
The executive summary outlines the actions of the analysis report: 
 
Analysis of the wheel rim temperature, differential of the wheel rim as supplied by the OEM 
in an open style, as opposed to that of the fully covered style as tested.  

Should you require further assistance, in this or any other matter, please do not hesitate to 
contact the undersigned. 

 
Yours sincerely 
 

 

Phillip J Hodges 
Mech Eng. 

mailto:gw@salesfollowup.com.au
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Analysis of Engineering Report 

 
 “Without Prejudice” 

Background 
 
We have been requested by Sales Follow Up Systems Pty Ltd to carry out an evaluation of 
the Wheel Rim Covers, regarding the impact on the Route Bus Wheel Rim temperature 
differential as described in this report. The test vehicle has a GVM ≥ 16000 kg. The rear rim 
only was tested as the front wheel rim was not suitable to take the wheel rim disc due to not 
having the correct mounting lip on the rim assembly. 
 
Summary 
 
Transport Certification Services has reviewed the brake temperatures during operation and 
found that the operating temperatures are under the standard brake operating temperature, 
operating range would be approximately 125 degrees Celsius. This is deemed acceptable 
when compared to the operating temperatures of a brake fade test that can see brake block 
(lining) increase in heat above 350 degrees Celsius. The test results from TUV NORD RDW-
SPE-0655 & TZ-028438-A0-260_Engl were used and adopted. The principles covered under 
the FMVSS 121 test procedures from the USA were referenced in compiling this report. The 
physical testing was carried out on the LHR wheel assembly however brake temperature 
testing was carried out on all four rims.  
 
Temperature Data as Collected on the 17/02/2009: 
 

1. The test area ambient temperature on the day was approximately 30 + degrees 
Celsius. 

 
2. The test data was taken in the field when the vehicle was operating on a normal bus 

route in the Box Hill to Doncaster area,( which included the Eastern freeway.) 
 

3. The road vehicle tested is a Denning Route Bus, South Australian Registration 
SB68BX.  

 
4. The nominal brake operating range under a controlled brake test in severe 

conditions can exceed 350 degrees Celsius before brake fade occurs. 
 
5. The temperature range on the tested vehicle ranged from 29 degrees to 50.2 

degrees Celsius on the covered wheel rim and 28.1 degrees Celsius to 57.8 degrees 
Celsius on the open wheel rim. Based on this data the covered wheel rim has a 
average temperature differential of 1.7 degrees Celsius ( refer charts and graphs 
below) 
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This is deemed acceptable and within the normal operating range for the brake 
linings performance capability.  
 

6. Brake test data confirms the brake lining temperatures are within the operating 
range of standard brake materials. The calculated mean temperature is 350 C 

 
7. The details below are a summary of the temperature range achieved under a 

controlled testing of Heavy Commercial brake applications. 
 

8. The vehicles have been analysed for braking performance under brake fade 
conditions. Outlined below are some results of the brake fade findings. The bus 
tested at Box Hill revealed low possibility of brake fade in relation to the 
temperature findings. The following explanation has been adopted from a TUV 
NORD and FMVSS Survey carried out to record brake performance in commercial 
vehicles in severe stop start conditions. The TUV NORD Test was carried out on a 
DAF CF75. 
 

9. The example of the brake performance is within the criteria of ADR 35/01. Example 
of the performance curves are listed below. 
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Left Hand Side 

 

 

Right Hand Side 

 



P a g e  | 6 
 

 
 
 
 
 
 

 

 

 

 

 

Extract of SUMMARY OF THE FMVSS 121 (DYNAMOMETER PORTION) 

Terminology: 

Average deceleration rate = the change in velocity per unit time (�v / �t), starting from the 
beginning of deceleration [§5.4][change in velocity or time is usually measured as “delta,” 
not that diamond sign] 
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Brake retardation force = (sum of brake forces / sum of GAWRs relative to chamber 
pressure) and corresponds to Column 1 of Table II in the regulation [§5.4.1] 

IBT = initial drum temperature at the start of braking 

A. Burnish [ref. §S6.2.6]: (total number of applications = 400) 

• Make 200 stops from 40 mph at 10 ft/s2 with 315o F 5 IBT 5,385o F  
• Make 200 stops from 40 mph at 10 ft/s2 with 450o F 5 IBT 5,500o F  

(To increase IBT to the desired initial temperature, conduct stops from 40 mph at 10 ft/s2. 
To decrease the IBT rotate the drum or disc at 30 mph). 

B. Brake Retardation Force. [§ 5.4.1.1] (Total applications = 7) 
With 125o F :5 IBT 5,200o F, and beginning with 20 psi chamber pressure: 

• Decelerate from 50 to 15 mph at 9 ft2. Record average torque.  
• Increase chamber pressure by 10 psi, rotate the drum or disc until the temperature 

drops into the specified range and repeat (six times).  

Total of seven decelerations at 20, 30, 40, 50, 60, 70, 80 psi. 

NOTE: The 40 psi value in the above sequence is currently used for TMC RP 628. 

C. Brake Power. [§ 5.4.2] (Total applications = 11) 
Begin with 125o F 5 IBT 5,200o F for the first application. 

• Conduct 10 decelerations from 50 to 15 mph at 9 ft/s2 at equal intervals of 72 s 
counting from the start of deceleration of the previous application. (Line pressure 
not to exceed 100 psi for any application)  

• After last deceleration and running at 20 mph, decelerate to stop at 14 ft/s2  

D. Brake Recovery. [§ 5.4.3] (Total applications = 20) 

Begin 2 minutes after completing 5.4.2. 

• Make 20 stops from 30 mps at 12 ft/2 with (20 psi � line air pressure � 85 psi) for no 
anti‐lock system or (12 psi � line pressure) for an anti‐lock system.  

TOTAL NUMBER OF BRAKE APPLICATIONS = 438, including the burnishing stops 

The term “fade” refers to a reduction friction co‐efficient at elevated interfacial 
temperature, such that it requires more force to retard the vehicle when the brakes get hot. 
This characteristic is important to control in vehicles that normally run with hot brakes 
(buses, trucks in mountainous terrain, garbage trucks that stop once every 20 seconds, etc.). 
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Information related to fade is present in certain parts of the FMVSS 121 data. For example, 
consider the “Brake Power” segment of the procedure [§ 5.4.2], summarized as follows. 

Begin with 125o F � IBT � 200o F for the first application. Then, 

• Conduct 10 decelerations from 50 to 15 mph at 9 ft/s2 at equal intervals of 72 s 
counting from the start of deceleration of the previous application. (Line pressure 
not to exceed 100 psi for any application.) 

• After last deceleration and running at 20 mph, decelerate to a stop at 14 ft/s2.  

FMVSS 121 dynamometer “brake power” test data for several lining materials can be 
mathematically represented as a second‐degree poly nominal of the form: 

MP = mo + m1 T + m2 T2                                                                        (1) 

Where T = brake temperature (oF), MP = maximum air line pressure (psi), and the m’s are 
co‐efficient to fit the data to a curve. 

 

 

 

Figure 10. Plot of actual brake power data for several RP 628 tests. 

[d] 

The parameters calculated for four actual lining tests (plotted in Fig. 10) are shown in Table 
3. The correlation co‐efficient (R) is one measure of how closely the data fits the curve. In 
this case, the fit is reasonably good (R = 1.000 is a perfect fit). Taking the first derivative of 
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equation (1), above, and setting it equal to zero allows us to compute the minimum value 
for each curve. These range between 285o and 320o F. Warm drums (around 300o F) require 
less pressure to brake than either cooler or hotter drums. 

Table 3. Second‐Degree Curve Fits to Brake Power Test Data. 

2nd degree fit to data   A  B  C  D  

mo  52.65  56.35  61.19  56.42  

m1  ‐0.0584  ‐0.1047  ‐0.0842  ‐0.0664  

m2  0.000103  0.000164  0.000143  0.000104 

R (correlation 
coefficient)  

0.972  0.994  0.996  0.971  

While the mathematical parameters in Table 3 replicate the four curve shapes very well, 
they do not provide a direct sense of the fade performance. On the other hand, the 
difference between the minimum value, which falls at about 300o F, and the value at 500o F 
indicates how much more line pressure is needed to account for the fade‐induced frictional 
fall‐off at higher temperatures. Table 4 shows these values. On that basis, lining C has the 
most fade and lining D has the least. 

 

Table 4. One Possible Measure of Fade. 

Lining  Pressure at 
300o F (psi) 

Pressure at 
500o F (psi) 

Difference in
pressure (psi) 

A   45.1  49.1  4.0  

B   42.0  45.0  3.0  

C   50.1  54.9  4.8  

D   47.3  49.3  2.0  

A range of only 2.8 psi between the four different linings is not very big, and requires 
accurate calibration of the testing equipment. Clearly, a wider range of data, encompassing 
‘good’ and ‘bad’ linings, must be examined. Dynamometer test data can be used to indicate 
fade, but the additional calculations might be too involved to include within a simple and 
understandable lining code number. 
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Temperature test data results. Denning SA Registration number SB‐68‐BX. 

Temperature
Test  Front Rear Front Rear

RHF RHR LHF LHR
1 28.0 28.2 25.2
2 30.0 42.0 45.0
3 32.0 37.0 28.0
4 37.0 35.2 30.7
5 35.4 32.8 34.3
6 33.8 26.8 29.2
7 30.1 32.2 30.4
8 29.6 28.1 29.6
9 31.0 34.8 27.8
10 31.4 28.4 35.0
11 31.6 32.2 30.2
12 37.6 46.2 38.0
13 30.6 29.9 32.0
14 30.2 35.0 31.4
15 33.2 42.0 31.8
16 30.8 30.8 35.0
17 26.6 43.2 29.6
18 20.6 43.4 31.6
19 33.6 39.8 32.8
20 33.2 49.2 32.6
21 29.2 42.4 33.2
22 38.2 42.6 34.6
23 32.0 43.8 28.6
24 33.8 57.8 33.6
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Axle Temperature Chart ‐ Denning Bus Rego: SB‐68‐BX 
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Rear Rear
RHR LHR Difference

28.2 19.8
42.0 ‐13.0
37.0 ‐5.0
35.2 ‐1.9
32.8 2.4
26.8 7.4
32.2 1.0
28.1 6.3
34.8 1.2
28.4 5.8
32.2 ‐1.0
46.2 ‐11.2
29.9 4.5
35.0 0.4
42.0 ‐8.2
30.8 5.8
43.2 ‐9.0
43.4 ‐9.0
39.8 ‐5.2
49.2 ‐9.8
42.4 ‐4.6
42.6 ‐0.2
43.8 ‐10.6
57.8 ‐7.6

Average 37.7 35.9 ‐1.7
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 Conclusion 

 
Transport Certification Services has concluded that the average temperature differential 
of  1.7 degrees Celsius as recorded from the left hand side rear Covered Wheel Rim to the 
right hand side rear Wheel Rim (in favour of the covered wheel rim) does not exceed nor 
impede the performance parameters of either the Rim temperature or the Brake Block 
temperatures or performance. 
 
The test results from both TUV NORD and TCS have proven that the vehicles brake 
temperature increase does not affect the braking performance of the vehicle or any 
mechanical components of the brake system i.e. brake linings and brake drums/discs. 
 
The WHEEL RIM COVERS as supplied for testing purposes are deemed to be suitable, 
as they were proven not to adversely impede on the braking temperatures of the donor 
vehicle.  
 
Installation to the rims is to comply exactly as per the installation manual as attached to 
this report. 
 
 

 

Signed: 

 

Phillip J Hodges 
Mech. Eng. 
 
Registered Engineering Signatory: 
 
Victoria VASS D001 
Queensland MA2239  
South Australia 2003/08213/01 
Western Australia 
Tasmania 
Northern Territory 
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