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RADIAL FORCE VARIATION TIRE TESTING
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Abstract: The paper is a part of study regarding the tire dynamic. In this paper the authors realize a set of
lateral force tire testing. In order to evaluate the relationship between radial force variation and tire wear,
we have designed several testing programs by using virtually the same type of vehicles, running on in
tandem on the same selected driving course for the same distance and relative speeds.
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1.GENERAL KNOWLEDGE

In Fig. we can see the RFV measurements
on a very popular size (215/60R16). There are
two curves; the blue curve is the initial RFV
measurement trend (polynomial function) and
the red curve is RFV after applying Machine
Force Match procedure suggested by GSP9700
machine. The curvature of the trend line is not
really relevant in this chart since the order of
tires is random; what is important is the
amplitude. For the blue line, for instance, the
average RFV values are between 1.6Kg — 4.9kg
while for the red line the average RFV values
are between 1.2kg — 3.1kg. So the new RFV
values (resulted from GSP Force Match) are
significantly lower than the initial values [1].

We have used a 4™ order Polynomial
function to show the average trend for each
RFV reading.

y = Gax)+ (e (et + (ot
4 =INDEX(LINEST (y,xt+434) 1)
Ccs:=INDEX(LINEST(y,x1234} 1 2)
C2:=INDEX(LINEST(y,x"%3%} 1 3)
ci:=INDEX(LINEST(y,x1%34} 1 4)
b:=INDEX(LINEST(y, xt*234) 1 5)

Please note that for the initial reading the tire
was mounted with the light spot at the valve.
We will call this position “P1” (see Fig. 3.
Matching Points).

P215/60R16 94H

......

Fig. 1. P215/60R16 94H RFV before and after GSP
Force Match

2. ALTERNATIVE PRACTICAL
SOLUTIONS FOR REDUCING RFV

It is not always possible to have access to a
special machine like GSP9700, therefore is may
be useful to consider alternative practical
solutions for reducing RFV on tires.
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Radial Force Variation Reduction by
Hand Matching Procedure

Mount Tire on the Wheel with the "light" spot at the valve.
> Some tires have the "light" spot indicated with a Yellow dot. -
If not indicated, just mount the tire on the wheel regardless
of the position
Set Tire Pressure to vehicle manufacturer's inflation pressure
Balance the Tire. Apply the weights.
Road Test
Tire Vibrates
NO I YES
Wheel
NO - run out - YES
ok?
— Replace the Wheel
> Rotate the tire on the wheelby 180°. Rebalance.
Did this eliminate tire vibration?
NO YES
Rotate the tire on the wheel by -50°. Rebalance.
Did this eliminate tire vibration?
— NO YES

Change Tire.

Fig. 2. Hand Matching Procedure

Since most of the tire shops have a balancing
machine but not all the tire shops have a RFV
machine, we’re suggesting a very simple
procedure of Radial Force Variation Reduction
by Hand Matching the tire on the wheel (Fig. ).
There are three main steps:

e Check TWA run out and balancing
condition. Record the data.

e Apply good lubrication and install tire
with light spot at the valve. If the light
spot is not indicated on the tire, we can

use the last installing position when the

tire was brought for vibration
complains (P1) (see Fig. ).
e If a vibration still exists, turn 180°

clockwise from the previous position
(to P2).

P1

P3

Fig. 3. Matching Points

For minimizing vibration even more, we can
do try P3 and P4. We can make note of the
progress and eventually install the tire on the
position with the minimal vibration.

After following thoroughly this procedure we
still have a vibration, we will need to change
the tire.

We do understand that this procedure may
become time consuming and most of the time
vibration complains are brought to the tire
dealers during the “rush season”. Therefore we
underline the importance of properly carrying
out of steps 1 and 2.

We have determined by experimental ways
that the vibration is considerably reduced after
the first 180° rotation (P2) on the wheel.

In order to verify if this procedure can give
reliable results, we’re using the information
from measuring several tires for RFV (Error!
Reference source not found.).

By using unique wheels on each size, we’re
keeping constant wheel factor among all the
tires. Therefore we can consider that the
measurements are reflecting tire values only.

Most of the tires were at 0% wear and a
large number of tires were within 8% - 12%
wear (Fig. ). Maximum tire wear was 16%.



So we can consider that the overall

condition was close to brand new.
Table 1. Tested Tires

Tire Size Units

tire

511

(less than 1mm). We can
reasonable assume that all the tires
were within specifications.

Balancing

Static & Dynamic

RFV measurement

P1. Yellow dot at the valve,
P3. 180° clockwise from the valve

(from P1)
P2. 90° clockwise from the valve
(from P1)
Distributions
Column 1
— Quantiles Summary Statistics
‘ID—| 100.0% maximum 015 Mean 0.0562121

99.5% 015  StdDev 0.0496995

| } 10.0%

97.5% 014286  Std Err Mean 0.0020637
90.0% 011742 Upper 95% Mean 0.0602653
75.0% quartile 0.09091  Lower 95% Mean 0.0521589
50.0% median 007692 N 580

U UL
0.00% 4.00% 2.00% 12.00%16.00% 25%

05%

0
0
0
0

00%  minimum

Fig. 4. Tire Wear

Tire uniformity from balancing point of

P215/60R16 94H 98|
P205/65R15 92H 74
P215/60R16 94V 49
P205/60R16 91V 33
P215/60R15 93H 33
P205/60R16 91H 31
P195/65R15 89H 28|
215/60R16 94V 27
225/60R16 98H 22
225/50R17 94W 22
P195/60R15 87H 22|
205/55R16 91W 15
P185/65R15 86H 13
255/40R17 94W 8
P205/55R15 87V 7|
Others 98
Grand Total 580

Table 2. Rim Run Out Specifications

RRO (mm) LRO (mm)
0.202 0.127
0.254 0.203
0.305 0.229

Table 3. Test Program Card

Tires used

580 tires of different sizes,
different brands. See Error!
Reference source not
found..

Air pressure

Recommended by the
manufacturer for each specific
size; most often 200kpa

Ambient Room temperature
Temperature
Speed Slow speed uniformity testing
Machine Hunter GSP9700
Wheel centering Done on every single tire / wheel
check
Initial mounting Yellow dot at the valve (P1).
Rims 3 master (alloy) rims, one for each
tire diameter. Rims have very low
radial and lateral run out (see
Table)
Tire wear Most of the tires were brand new

tires or under 12% worn-out. See
Fig. .

Tire run out check

Done on about 30% of the tires.
Run out was within specifications

view was relatively good Fig. . Most of the tires
required between 0 —0.750z (0 — 21g) on one

side.

Distributions

Balance Weights IN (0z) Balance Weights OUT (0z)

Total Balance (0z)

1.5

3

259

24

1.5+

14

0.5+

o
-0.54
Quantiles Quantiles Quantiles
100.0% maximum 15 100.0% maximum 125 100.0% maximum 275
99.5% 15 99.5% 125 99.5% 275
97.5% 15 97.5% 125 97.5% 2.69375
90.0% 15 90.0% 125 90.0% 225
75.0% quartile 0.75 75.0% quartile 0.75 75.0% quartile  1.4375
50.0% median 0.25 50.0% median 0.25 50.0% median 0.75
25.0% quartile 0.25 25.0% quartile 0.25 25.0% quartile 05
10.0% 0 10.0% 0 10.0% 0.25
2.5% 0 2.5% 0 2.5% 0
0.5% 0 0.5% 0 0.5% 0
0.0% minimum 0 0.0% minimum 0 0.0% minimum 0
Summary Statistics Summary Statistics Summary Statistics
Mean 0.5104167 Mean 0.4739583 Mean 0.984375
Std Dev 0.4864065 Std Dev 0.4068548 Std Dev 0.7116176
Std Err Mean 0.0702067 Std Err Mean 0.0587244 Std Err Mean 0.1027132
Upper 95% Mean 0.6516544 Upper 95% Mean 0.5920966 Upper 95% Mean 1.1910072
Lower 95% Mean 0.3691789 Lower 95% Mean  0.35582 Lower 95% Mean 0.7777428
N 48 N 48 N 48

Fig. 5. Balancing weights for all tires

Most of the tires required total balancing
weight between 0.5 — 10z (14 — 28g). And the
total balancing required weight was less than 3
0z (85g), which is the maximum acceptable
level for Passenger Car tires by TMC.

We applied Hand Matching Procedure to all
the tires. So we turned the tires that had RVF
over 5kg from P1 at P2 then we turned the tires
that had RVF over 5kg from P2 at P3. Then we
compared the results with the RFV results when
following the matching points suggested by the

machine.
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All tires to P1

P1

Fig. 6. RFV on all tires at P1

After proper lubrication and installing of all
of tire to P1 we found 62% of tires to be less
than 5Kg of RFV. We considered those tires as
“Good” and we focused on the remaining 38%.
Remaining tires to P2

P2

Fig. 7. RFV at P2 of remaining tire (RFVp;>5kg)

At P2 we found 83% of tires to be “Good”
(RFVp, < 5kg). So we continued the procedure
with the remaining 17%.

P215/60R16 94H

Fig. 8. P215/60R16 94H with 180° turn (P2)

As an example, here above (Fig. ) is the data
at P2 from the same popular size that we’ve
used in Fig. . We see that the new RFV values
(green line) are much lower than the values at
P1 (blue line) and there is a relatively close
approximation of the RFV from GSP Force
Match (red line).

Remaining tires to P3

P3

Fig. 9. RFV at P3 of remaining tire (RFVp,>5kg)

At P3 we have 72% “Good” tires. The
remaining 28% can be considered for further
investigation or accepted as scrap.

P215/60R16 94H

.......

Fig. 10. P215/60R16 94H with 90° turn (P3)

If we’re using again the example of
P215/60R16 94H size, by turning the tire at P3
(Fig. ) the RFVp; is slightly higher than RFVp,.
However, we can see that RFVp3 is overall
slightly lower than RFV5p; and can still give a
pertinent comparison with GSP Force Match.

If we consider all the tires together we see
that the results from 215/60R16 are reflected
very comparatively Fig. .

If we’re doing a Distribution analysis for all
the tires we can see a substantial improvement
from P1 to P2. And that P3 is projecting very
acceptable values as well.

A complete graph with all the tires data at
P1, GSP FM, P2 and P3 is presented in Fig. .
We see that the RFV are projected between Okg
— 8.6kg. As we saw it previously, at 8.6kg RFV
there should be a strongly noticeable vibration
on the vehicle. However, the polynomial
average line at P1 (blue line) is running
between 3.5kg — 4.5kg. After the first match
(GSP FM), the average is dropping between
2.2kg — 3.6kg. At P2 however, the variation is



between 2.1kg — 3kg. And at P3
between 3.3kg — 3.9kg.

Distributions

P1 GSP7900 P2 P3
99 7 7 7
87 6 6 6
7]
5+ 51 51
6]
57 4 4 pul
4 34 3 3
7 24 24 24
2]
1 11 11 11
o] o4 o o
Quantiles Quantiles Quantiles Quantiles
100.0% maximum 8.61825 100.0% maximum 6.80388 100.0% maximum 6.80388 100.0% maximum 6.80388
99.5% 8.16466 99.5% 6.80388 99.5% 6.80388 99.5% 6.80388
97.5% 8.16466 97.5% 6.80388 97.5% 6.80388 97.5% 6.80388
90.0% 7.25747 90.0% 635029 90.0% 5.8967 90.0% 635029
750%  quartie 58967 750%  quartie 4.98951 75.0%  quartie 4.53592 750%  quartle 54431
500%  median 4.08233 500%  median 272155 500%  median 2.26796 500%  median 3.17514
250%  quartile 2.26796 250%  quartile 0.90718 250%  quartiie o 250%  quartile 181437
10.0% 0.90718 10.0% 0 10.0% o 10.0% 0.45359
25% 0 25% 0 25% 0 25%
0 05% 0 05% 0 0.5% 0
0.0%  minimum 0 00%  minimum 0 00%  minimum o 0.0%  minimum 0
Summary Statistics Summary Statistics Summary Statistics Summary Statistics
Mean 3.9876093 Mean 29788482 Mean 24838072 Mean 34465171
Std Dev 22012453 Std Dev 22085339 Std Dev 23343351 Std Dev 21103793

StdErrMean  0.0951388 StdErrMean 00917044
Upper 95% Mean 4.1745585 Upper 95% Mean 3.1589619 Upper 95% Mean 36186261
Lower 95% Mean 3.8008401 Lower 95% Mean 2.7987344 Lower 95% Mean 2.2934339 Lower 95% Mean 3.2744082
N 580 N 580 N 580 N 580

Std Err Mean 0.096928
Upper 95% Mean 2.6741805

StdErrMean 00876287

Fi

g.11. RFV of all tires at P1, machine FM, P2 and P3

All Tires

Fig. 12. All Tires with machine FM, 180° turn (P2) and
90° turn (P3)

For better accuracy we compare all the tires
together by rim diameter. As we saw above, we
have 157, 16” and 17",

We can make a very complex analysis based
on the above charts. But our main objective
here is to understand the reliability of our
suggest Hand Matching procedure. We see that
Hand Matching procedure gives a substantial
improvement consistently for all of the 3
categories (rim diameter) at P2. The result at P3
is better for 16” tires while at 17” we have the
highest RFV values. 17 is generally a heavier
tire and it is very possible that tire weight itself
can induce higher RFV levels.

RVF is
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Distributions

15" P1 15" GSP FM 15" P2 15" P3
74 75 75

PEi

2] 67 67 61

o4 57 5 5

51 a a1 a1

47 3 3 3

ad

2 2 2

2]

A 1 1 17

o 1 o
Quantiles Quantiles Quantiles Quantiles
100.0% maximum  8.16466 100.0% maximum 6.80388 100.0% maximum 6.80388 100.0% maximum 6.80388
99.5% 8.16466 99.5% 6.80388 99.5% 6.80388 99.5% 6.80388
97.5% 8.16466 97.5% 6.80388 97.5% 6.80388 97.5% 6.80388
90.0% 7.71106 90.0% 6.80388 90.0% 5.8967 90.0% 6.35029
750%  quartile 6.35029 750%  quartie 54431 750%  quartile 4.53592 750%  quartile 4.98951
50.0%  median 4.53592 50.0%  median 3.62874 500%  median 2.26796 50.0%  median 3.17514
250%  quartile 1.81437 250%  quartie 0.90718 250%  quartile o 250%  quartile 1.81437
10.0% 0.90718 10.0% 0 10.0% 0 10.0% 0.90718
2.5% 0 25% 0 25% 0 2.5% 0
0.5% 0 0.5% 0 0.5% 0 0.5% 0
0.0%  minimum 0 0.0%  minimum 0 0.0%  minimum 0 0.0%  minimum 0

y Statisti y Statistics y Statisti y Statisti

Mean 4.270705 Mean 3.3783929 Mean 24340292 Mean 3.4279658
Std Dev 25206165 Std Dev 23341014 Std Dev. 2.3546466 Std Dev 2.0143055
Std ErrMean  0.1869946 Std Err Mean  0.1725417 StdErrMean  0.1740605 StdErrMean 01489018

Upper 95% Mean 4.6396611
Lower 95% Mean 3.9017489
N 183

Upper 95% Mean 37188322
Lower 95% Mean 3.0379535
N 183

Upper 95% Mean 27774652
Lower 95% Mean 2.0905932
N 183

Upper 95% Mean 37217614
Lower 95% Mean 3.1341701
N

Fig. 13. RFV of all 15" tires at P1, GSP FM, P2 and P3

Distributions
16" P1 16" GSP FM 16" P2 16" P3
= = 75

i

] o] o] 67

6] 5] 5] 5]

5*7 a1 4 4

47 3 3 3

3]

2 2 21

2]

A 19 19 1

o] 1 1 o]
Quantiles Quantiles Quantiles Quantiles
100.0% maximum 816 100.0% maximum 6.8 100.0% maxmum 6.8 100.0% maximum 6.8
99.5% 816 99.5% 68 99.5% 68 99.5% 68
97.5% 816 97.5% 68 97.5% 68 97.5% 68
90.0% 771 90.0% 59 20.0% 59 90.0% 6.35
750%  quatie 635 750%  quatie  4.99 750%  quaie 454 750%  quarie 544
500%  median 408 500%  medan 272 500%  medan 227 50.0%  median
250%  quarle 181 250%  quarie 091 250%  quartie 0 250%  quarie 14725
10.0% 0.45 10.0% 0 10.0% 0 10.0% 045
2.5% o 2.5% 0 25% 0 25% o
05% o 0.5% 0 0.5% 0 05% o
0.0%  minimum o 0.0%  minimum 0 0.0%  minimum 0 0.0%  minimum o
Summary Statistics y Statisti y Statisti y Statistics
Mean 40307435 Mean 28566667 Mean 24850205 Mean 3.3728846
Std Dev 2.5006051 Std Dev 21305720 StdDev 23421033 StdDev 21547449
StdErmMean 01420784  StdErMean 01211205  StdEwMean 01325955  SdEmMean 01219884

Upper 95% Mean 4.3193001

Upper 95% Mean 3.0950036 Upper 95% Mean 27468272
Lower 95% Mean 3.7601871
N

Lower 95% Mean 26183298 Lower 95% Mean 22250318
N 312 N 312

Upper 95% Mean 36129116
Lower 95% Mean 3.1328576
N

Fig. 14. RFV of all 16" tires at P1, GSP FM, P2 and P3

Distributions
17" P1 17" GSP FM 17" P2 17" P3
1 71 71 75
i
73 67 o] o]
67 5| 5| 51
5] 4 47 41
41 37 37 37
i
2 2 24
2]
1 1 1 1
o] ] ] o]
Quantiles Quantiles Quantiles Quantiles
1000% maximum 816 1000% maximum 68 1000% madmum 6.8 1000% maximum 6.8
99.5 816 99, 62 99.5 68 99.5% 68
97.5% 816 97.5% 67325 o7.5% 68 97.5% 68
90.0% 7.80 90.0% 544 20.0% 6.08 90.0% 6.35
750%  quatie 6575 750%  quatie 408 750%  quartie 454 750%  quatie 567
500%  medan 363 500%  median 227 500%  medan 227 500%  medan 408
250%  quartie 181 250%  quatie 068 250%  quatie 0225 250%  quatie 181
10.0% 0726 10.0% 0 10.0% 0 10.0% 0726
25% o 25% 0 25% 0 25% o
05% o 05% 0 05% 0 05% o
00%  minimum 0 00%  minimum 0 0.0%  minimum 0 00%  minimum 0

Summary Statistics Summary Statistics Summary Statistics Summary Statistics

Mean 4,0874118 Mean 25669412 Mean 25828235 Mean 37565882
Std Dev 26187357 Std Dev 20721314 Std Dev 22853048 Std Dev 21441629
StdErMean 02840418 StdEmMean 02247542 StdEmMean  0.2478761 StdEmMean  0.2325671
Upper 95% Mean  4.65226 Upper 95% Mean 3.0138896 Upper 95% Mean 30757524

Upper 95% Mean 4.2190735
Lower 95% Mean 3.5225636 Lower 95% Mean 21199928 Lower 95% Mean 20898947
N N N

Lower 95% Mean ~ 3.204103
N

Fig. 15. RFV of all 17" tires at P1, GSP FM, P2 and P3

3. GENERAL OBSERVATIONS ON RFV
REDUCTION

o Over 62% of tires have showed a RFV value
under 5kg when properly installed (good
lubrication and mounting procedure) on a
good quality wheel at P1 (light spot of the
tire at the valve).

e When applying Tire / Wheel Hand Matching
procedure suggested here — tire at P2 (180°
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from initial point) on tires with over 5kg
RFVp1, 83% of tires have showed a
reduction of RFV values to under 5Kg.

e When we turned the rest of the tires to P3,
72.2% of the tires have showed a reduction
of RFV values to less than 5Kg.

Manual RFV reduction

w
-
B
” = -

Noof tiras

ver SKg
]
7] ]

o Lircler Siig 562 182 2
 Tota 580 218 3

Fig. 16. Manual RFV reduction procedure results

4.COCLUSIONS

There is a certain chance that the initial
vibration was actually caused by an
accumulating factor of maximum rim run out
with the tire stiffness. In other words, a “good”
tire with a “good” wheel can give a “bad”
matching form Radial Force Variation point of
view (and the vice versa).

We can measure and reduce the RFV by
using specialized machines that offer this
option. However, we don’t always have access
to such a machine; therefore we considered it
may be interesting to evaluate alternative
hands-on options for reducing RFV.

Using data from measuring almost 600 tires,
we can suggest a simple procedure for Radial
Force Variation Reduction by Hand Matching

the tire on the wheel. The main advantages of
this procedure are that: It’s very simple; There
IS no need for a highly trained technician to
solve a tire vibration problem; It can be
explained by the phone; It doesn’t require a
special machine with RFV measurement
function.

The results of this test may suggest that a lot
of tires that are refused by tire dealers for
“unbalance” condition may be still good to use.
By simply applying a proper mounting
procedure, paying particular attention at tire
lubrication and good tire bead seating, a lot of
tires initially claimed for warranty adjustment
can still be used. On the tires that are still
showing a higher level of RFV, we can apply
further tire — rim matching with a large
probability for succeeding in reducing tire
vibration. Please note that for best results we
still recommend using a machine with RFV
measurement function, when possible.
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Variatia fortei radiale in testarea pneului
Rezumat: Aceastd lucrare este parte component a studiului dinamicii pneului. In aceastd lucrare autorii
realizeazd un set de experimente “in situ” pentru testarea fortei radiale a pneului. In scopul de a evalua
relatia dintre variatia fortei laterale §i suprafata acoperitoare a pneului, autorii au priectat si realizat
cdteva programe de testare a unor tipuri de vehicule, care ruleazd in tandem in aceleasi conditii de

conducere, pe aceeaygi diatntd u aceeaygi vitezd.
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