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Subject: Poly Ball

As approved by the BoD 2012, the poly balls will be introduced at
ITTF events as of July 2014.

The new balls will differ from the present balls used, since they are

made of plastic instead of celluloid.

So far we know about two production methods; one by gluing two
halves together - as for celluloid balls — and the second one by a

different process - called rotational moulding.

Hence, these balls will behave a bit differently from our present
ones. We have had some poly balls without seam for testing and
comparison with celluloid balls. You can find the results of the
testing in following pages, as well as, on our website at the right
column of the Equipment / Balls Session, the file called “Poly -
Celluloid Balls testing”.

We would like to thank everyone who helped with conducting this
testing and for agreeing to have the results published; ESN in

Germany, Dr. Dirk Meyer and Konrad Tiefenbacher.

Odd Gustavsen

Chairman of the Equipment Committee
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Comparison of plastic (“poly”) and celluloid balls

Evaluation of difference for rebound on racket and player perception

Dr. Dirk Meyer, Konrad Tiefenbacher
Hofheim, November 6, 2012

Aim of the study

It was the purpose to find out how much speed and spin is generated when the two
types of balls hit the racket under conditions that correspond at typical table tennis
strokes.

Two approaches had been used: Recording of subjective perceptions of test players after
tryouts as well as an established scientific method where typical strokes are simulated
and measured in the lab.

Background

Competition rubbers cause an effect allowing production of speed and spin at impact.
The result of the impact is dependent on many parameters, one of these are the ball
properties. When a ball made of different material and construction is introduced this

may lead to different production of speed and spin in table tennis compared at
established Celluloid balls. Thus the whole game of table tennis may be changed.

Summary of results

Higher rebound

Measurement and feeling of test players fit together. There is a deceleration on table in
horizontal direction and higher speed in normal direction after rebound.




General speed of the ball

Given impact results here concern only the speed immediately after impact. But the
speed / spin measurements get indications that the velocity of the plastic ball decreases
in the air more than the velocity of the celluloid ball.
Reasons for this could be

 the air resistance of the material

» the size of the plastic ball (now “really” 40mm ball -> bigger than celluloid-ball)

* weight (in centre between of the tolerance limits -> lighter than celluloid).

Decreasing of speed at Topspin strokes

Measurements show esp. at Topspin strokes an increase of speed after interaction with
the covering. The feeling of the test players to receive a slower ball than with celluloid
ball can be explained with the interaction (deceleration) of the ball at the table and loss
of speed on the trajectory due to air resistance.

Conclusions

* The overall behaviour of the plastic ball is accepted by the test players.

* Most of the tested coverings show only small changes in behaviour.

» Differences between the coverings (developped for the celluloid ball) will
decrease.

* One covering will have a clear advantage from the plastic ball regarding
production of spin and speed. But this one was 4.2mm thick, had quite poor
behaviour with celluloid, catches up but does not outdistance the others.

Description of test methods

Tryouts
Test players that are used to compare equipment in table tennis as part of their

profession exercised with the two types of balls. Their subjective perceptions have been
recorded and summarized.

Measurements

The other method is a more scientific approach and more difficult to explain. The idea is
to objectively measure differences in rebound.

It is very difficult to measure speed and spin in real table tennis. Further it is difficult to
find differences between materials in game situations using human test players due to
the variation of strokes when executing supposedly same strokes.

Due to non-linear behaviour of material on the other hand it is important to measure
under conditions that correspond to real striking conditions.

Thus the approach (change of frame of reference) to objectively measure difference in
impact behaviour is the following:



By comparison with results from various research groups (measuring “real play

Special playing exercises containing a typical stroke of interest are filmed in a
special setup for several players. Strokes in statistic number are then analysed
with the goal to record speed, angles and spin of ball and racket right before they
hit each other.

Out of these results then an average hitting condition is defined for this stroke
element.

The relative speed, angle and spin of the ball are then calculated (change of frame
of reference from "“Table-Tennis-System” to “Lab-System”, mathematical
formalism)

These values are then taken as input parameters for Lektor device which allows to
measure in “Lab-System”: It allows projecting the ball on a racket at rest with
almost any freely selectable speed and spin of ball and angulation of racket.

Then balls are projected on the racket under these conditions. Since ball rebound
is not completely reproducible, to obtain meaningful results it is important to do
this for each stroke and material with a statistic number of impacts.

For each impact incoming and outgoing speed and angle is measured as well as
spin is also determined.

The mean result for this experiment with racket at rest (“Lab-System”) then is
retransferred to “Table Tennis System” by mathematical reversion of the previous
change of frame of reference.

To simplify presentation results are then recalculated in relative gain or loss of
speed and spin compared to a reference rubber with reference ball.

144

interaction) for several interrogations over decades the method has been proofed to

Tested samples and measurement conditions

Ball samples tested

Celluloid ball: Commercial approved three-star ball from one brand without any
further selection
Poly ball: Seamless ball from best veer category (passing veer test on all five axis)



Rubber samples tested (short description not going into detail)

A) Classic rubber

B) Modern rubber type 1) semi hard sponge

C) Modern rubber type 2) reference

D) Modern rubber type 3) hard sponge

E) Modern rubber type 4) soft sponge

F) Modern rubber type 5) hard sponge

G) Semi-modern sticky rubber, hard sponge 4.2mm

For each type of rubber several samples have been tested with at least 50 impacts per
rubber, hitting condition and ball type.

Measurement conditions (short description not going into detail)

Topspin vs. opening Topspin close to table
Topspin vs. Block

Topspin vs. Push

Topspin vs. Topspin away from table
Block vs. Topspin

Explanation of target figures

As explained above results are given as relative gain or loss of speed (x-axis) and spin
(y-axis) compared to reference (rubber C with reference celluloid ball type).

The starting point of each arrow marks the value for Celluloid ball and the end point for
Poly ball. In this type of presentation it is logic that the start point for arrow of rubber C
is always in the origin (reference rubber with celluloid ball).



Measurement Results

Topspin close to table against an arriving opening Topspin

Topspin vs. opening Topspin close to Table
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All rubbers (except G) lose both speed (2%) and spin (5%) with Poly ball compared to
Celluloid ball

Topspin against arriving Block

Topspin vs. Block
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In general there is not much difference found between the two types of balls, some
rubbers gain, some lose spin and speed around less 1%

G wins a lot, 2% in speed and 4% in spin with Poly ball compared to Celluloid ball




Offensive Topspin against an arriving push
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All rubbers gain about same but only in speed (2%) with Poly ball
G gains a lot in speed/spin but produces still less than other rubbers

Topspin against arriving topspin away from table
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All rubbers gain a bit in speed (1%) and spin (1-2%)
G gains a lot in speed/spin but produces still less than other rubbers.




Block close to table against arriving topspin
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Most rubbers show almost same speed/spin for both types of ball

G gains a lot in speed/spin (7%/25%) with Poly ball compared to Celluloid ball, it
produces then the same as other rubbers

A gains in speed/spin (2%/7%) but produces still less than other rubbers

Details: Player’s subjective results from tryouts

The plastic ball seems to be more slowly. Also at full power it doesn't give the
dynamic of a celluloid ball.

The rebound of the ball changed. The plastic ball has got a higher rebound from
the table. This is comfortable for the player after the adaption on the behaviour
during tryout.

The sound of the ball changed. Sounds like a defect ball at the beginning but
players are able to adapt during one test session.

The feeling of the ball during the tryout is hard and constant. Control and feeling
during the rally are very good.

Test players expect to get longer rallies. Because of the good feeling and control
together with higher rebound it will be easier to avoid mistakes and due to the
expected slower speed the time to react will increase.

With the plastic ball the spin production decreases. Especially after service and at
topspin against push the plastic ball seems to have less spin. Due to the higher
rebound from the table it is easier to receive.

Good behaviour at spin rallies due to the hardness of the ball.



Conclusions by the test players

The new plastic ball is good and it is easy to adapt to the sound and the higher rebound.
Maybe the defensive players will have an advantage from the overall behaviour.

Additional measurements for rebound on table
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Plastic ball shows a reduced horizontal speed but increased vertical speed.

Due to conservation of energy and momentum the higher vertical speed of the plastic
ball could be explained by a reduction of spin due to the interaction with the table.
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Polyball vs. Celluloid ball:
Bounce Irregularities, “Veer” and Shell Thickness

Aim of the study

It was the purpose to evaluate correlation between selection criteria “veer”, shell thickness
irregularity and bounce irregularities.

Background

One important quality criterion for ITTF ball approval is veer test. This criterion expresses in
some way how close a spinning ball’s behaviour is from an ideal hollow sphere. This test
does not reproduce a performance characteristic as it occurs while ball is used to play table
tennis (e.g. trajectory or bounce on racket and on table).

When veer test is applied for a ball constructed of two halves rolling on the seam, the direc-
tion of deviation from the centre line may give some idea whether one half is thinner than the
other. But since Polyball has no obvious seam the matter has to be rethought to apply veer test
for such ball.

Another method that allows to express how close a ball is from an ideal hollow sphere is to
measure regularity of shell thickness. This also is not directly a criterion reproducing a typical
performance aspect of the ball. But it is easy to imagine that an irregular shell thickness may
lead to uncomfortable behaviour of the ball at play (trajectory, bounce on table and impact on
racket). Thus by checking shell thickness irregularity a fundamental aspect of ball quality is
measured.

This study tries to bridge between the rather static selection criteria and dynamic performance
aspects in table tennis.

Results

Veer and shell thickness

* About 30% of the 1000 balls have been tested to be OK for tests on five axes accord-
ing to ITTF criterion for celluloid balls (not to deviate more than 175mm from centre
line for 100cm rolling distance). -> These balls have been sorted as “best” veer class”

¢ Ultrasonic method works with the Polyball to detect shell thickness. But it is not suffi-
cient to measure on just six points to get appropriate information on the shell thickness
irregularity of one ball. But to scan the whole surface is a lot time taking.

* Balls show different irregularity in shell thickness. For some balls variation (max-min)
is in the order of 0.04mm (9%), for others it may be up to 0.17mm (36%).

* For a few single balls the thickness distribution has been entirely recorded. For the
tested balls there are about 1 or 2 areas where the shell is much thicker and 1 or 2
where the shell is much thinner than the mean value. There is no clear logic how many
extremes are found, where they are situated and how distant they are.
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Veer and shell thickness

* Findings for rebound on table are more consistent than for rebounds on rubber.

* Veer classes correlate with rebound deviations, in general the “worse” the class the
stronger the rebound deviations.

e  “Best” veer class shows about same rebound deviations as celluloid.

* To loosen veer criteria would implicate an even more irregular bounce on the table
than already with imperfect celluloid ball. For some conditions double the deviations
are found.

¢  (Criterion “difference of maximum and minimum shell thickness” also correlates with
rebound deviations but correlation is not as consistent as for veer classes.

* Thus veer does here the better job than shell thickness variation.

* But shell thickness variation is important anyhow since it is the source for all other
performance aspects (e.g. hardness, bounce regularity etc., veer deviations)
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Previous measurements at SKZ

At SKZ the following measurements have been executed on the 1000 provided seamless balls

1. Weight: For all 100 pieces

2. Diameter minimum and maximum for 100 pieces

3. Hardness (compression with load of SON for ball supported by a cone-ring) on 6
points for 100 pieces

4. Rebound (on steel block from height of 305mm) on 6 points for 100 pieces

5. Veer test (100cm, 4 classes) on 5 axes for 1000 pieces

6. Shell Thickness (Ultrasonic device) on 6 points for 300 pieces

Shell thickness measurement

Classic measurement of material thickness is to use a dial gauge
equipped with a pin (picture left). The one side of the material is
fixed on an even reference plate and the pin points on the other side.
Since the ball is a hollow body such classic method cannot be ap-
plied on an undamaged ball. But when ball is cracked into parts the
method works. When applied to a concave surface the convex side
has to be oriented to the reference plate while the concave side is
oriented to the pin. The pin forefront has to have a ! i}
convex shape (picture right) with a radius smaller than i

the radius of the shell to measure. Further the pin has

to be applied with a well defined contact pressure that — .

is big enough to ensure that there is a real contact and
on the other hand not too big to avoid material defor-

mation which would falsify the result.

There are new methods to allow measuring of
material thickness for hollow bodies without hav-
ing a reference contact to the inner side. One of
these is ultrasonic device (picture right) which is
used in industrial context to measure e.g. shell
thickness of plastic bottles.

Such device has been used at SKZ to do some
measurements on plastic balls (see section “Shell
thickness”). To better understand the handling and
to achieve additional results the device has been
borrowed from SKZ for some days.

Here are some details on the use of the device:

Since the device works with duration of reflection
of ultrasonic waves, sonic speed in material
should be known or the device may be calibrated
by use of reference specimen (made of same ma-
terial as the bodies that have to be measured).

There is the necessity of a contact fluid to feed
sonic wave from the sensor into the material. In

the case of table tennis ball fortunately water worked as contact fluid, otherwise a contact gel

should have been used which might cause a mess.

Nov. 2012
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The workflow is then:
* Moisten the surface
* Attach sensor tightly and wobble slightly until there is signal.

It takes minimum 2 seconds per value. Thus a quick scanning of the complete surface is im-
possible. The method may not be applied on soft materials due to needed contact pressure.

The measurements on 6 points made at SKZ do not give real over all maximum and minimum
thickness for each ball as nobody can ensure that the real extremes are found on the 6 chosen
points. As this is important for categorisation of balls own measurements have been conduct-
ed. Two strategies have been used:

1) Searching of real extremes

Real extremes have been searched by systematically measuring on three circumferences (40
measurements each, maximum and minimum recorded each) and in intermediate areas (an-
other 40 measurements, maximum and minimum recorded).

These measurements have been done on 80 balls, process takes about 5 minutes each. Results
have been added to the result table.

Searching real extremes (measurement on 160 points) gives different result for the balls than
just measuring on 6 Points as executed at SKZ since with the latter method it is a matter of
chance whether a top of a “mountain” or a the bottom of a “valley” is hit by one of the six
balls. For the 80 balls that had been measured by both methods this can be shown in a 3D bar
chart: x-axis shows result of max-min for measurement on 6 points, y-axis for measurement
on 160 points and z-axis is number of balls in this class:
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Thus when it is the matter of finding real irregularity in shell thickness for each ball it is not
sufficient to measure only on 6 points.

The results of the measurement on 160 points had been used to build two ball classes in shell
thickness variation: One class with balls where variation in shell thickness is < 0.08mm and
one where variation = 0,09mm.
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Correlation between finding 6 Points and 160 points measurement.

Even if 6 point measurement is not able to detect the real extremes in shell thickness for one
ball, statistically there is an interrelationship between the results for measuring on 6 points
and measuring on 160 points. Without entering into statistical theory the obtained data may be
exploited to give some idea.

The following graph contains the cumulated histogram of results of max-min measurement
for different methods (6 Points and 160 points) and different number of measurements.
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Curves for 6 point measurement for 80 balls and 300 balls are almost identical. The curve for
160 points measurement on same 80 balls is shifted for a large section (from 0 to 80% in y
axis) to the right. And it seems that the shift is rather linear by a summand of 0.02mm.

Thus it may be concluded that the mean difference between measuring on 6 points and meas-
uring on 160 points is 0.02mm in shell thickness variation. This statement is not valid for
each ball, but it may help to judge on average quality of bigger sets of balls.

2) Complete scan of balls
Two balls have been completely scanned with ultrasonic device. Therefore the ball has been
equipped with a longitude and latitude coordinate system (picture right) and measurements
have been executed according to that while each measurement was recorded in a spreadsheet
table. This process takes much longer time, about 60 minutes per ball.
The two balls showed big variation in shell thickness (No. 155 of
0.11mm and 172:0.13mm). In veer both balls have been “bad” (No.
155:x2,0,0,0,0and 172: x2,0,%2,%x2,0)

The data of the two balls has been plotted as coloured 2D graph and
3D graphs: Longitude and latitude have been used as x and y-axis in
cartesian coordinates. The shell thickness is displayed in colour (or
z-axis). Of course this illustration (like in geo-mapping) as a 2D map
of a sphere distorts the surface: On top and bottom latitude (+90 and
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-90°) from left to right there are all the same values since there is only one measurement for
the poles.

Ball No. 155 01
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47-48

u46-47

45-46

4445
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But even if pictures are distorted, they tell two things:

1) The method itself does not give random results, it really measures shell thickness, other-
wise there would not be a logic of “mountains” and “valleys” when surface is scanned accord-
ing to chronological order of coordinates.

2) There are macroscopic clusters of 2-3 “mountains” and “valleys” (thicker/thinner material),
which do not follow the same systematics for each ball. This may be a result of the production
process when the material congeals from liquid to solid aggregate state.

For celluloid balls there are also thinner and thicker areas, but this always follows the same
logic which is caused by it’s production process (pulling the two halves and the overlapping
seam area).
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Additional shell thickness scans for cracked balls:

For cracked balls it is possible to measure shell thickness using clas-
sic measurement of material thickness (dial gauge equipped with a
pin, see chapter “shell thickness measurement””). When measuring a
cracked shell it has to be ensured that edge of cracked shell does not
touch the side of the stick, otherwise the shell bends and the meas-
urement is falsified. Here are the results of 5 other balls:
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Shell Thickness
[mm] [mm] [mm]| []

Veer

(o 1mn o

[’

Ball No. [Max Min A Red Blue Green Arbl Arb2 Numeric
Ultrasonic measurement on undamaged ball
155]10,50 0,39 0,11| x2 o o o o 7,2
172]10,50 0,37 0,13| x2 o x2 x2 o 11,7
Classic mechanic measurement on broken ball
47510,56 0,40 0,16 x2 x2 x2 x1 o 15,2
54310,51 0,42 0,09] x3 x3 o o o 8,9
1022} 0,50 0,42 0,08] o o o o o 5,0
34110,54 0,37 0,17] x1 x1 x3 x3 x2 16,8
109] 0,48 0,43 0,05] o o o o o 5,0

The table of veer and shell thickness result gives an idea how veer result and thickness irregu-
larities are produced by the topography of the shell.
Balls 543, 1022 and 109 give veer results rather “OK”. Those three balls have shown almost
smooth topography. Ball No. 155 (scanned with ultrasonic device) had only one “bad” veer

result x2, the others have been 0oooo.
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Additional remarks on veer

The recorded mean classes o, x3, x2, and x1 mean”: “x1”: the x3
ball leaves the table at the side in less than 50cm, for “x2”:
<75cm and “x3”: <100cm and “0”: The ball reaches the opposite
side of the plate.

To better exploit the veer data it is helpful to have a single nu-
meric value representing the total result of the five veer tests.
The chosen method worked as follows: x2
Using trigonometry, the above deviation limits have been used to
calculate angle limits:

1) 0-x3 corner: 9.9° [

2) x3-x2 border: 13.1°

3) x2-x3 border: 19.3°

4) Estimated limit for biggest deviation in x1 of 25.4°
(which is then the same gap as between beginning and
end of x2 class). x1

Then each result (e.g. x2) has been taken in calculation as if a
ball would have passed exactly between the two limits. Thus:

/
l

1) o: 5°

2) x3: 11.5°
3) x2: 16.2°
4) x1: 224°”

x3

x1

Using these corresponding angle values it was possible to calculate one mean value from the

5 veer results for each ball.

The mean values for the 1000 balls then e.g. can be used to calculate a histogram of the total

veer result:
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Balls that had a ooooo veer test result for all five tests have a result of 5° thus are found in the
graph in column “<6°”. Thus less than 30% of the tested 1000 balls pass veer test when only
balls with an ooooo result would be accepted.

Hardness vs. shell thickness.

Both hardness and shell thickness have been measured on the same six points. There is a cor-
relation found for both which is confirming expectation: If the pole is thinner, then the ball
deforms more when test force is applied on the pole.
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Thus to limit shell thickness variation will also limit hardness variation of the ball. This can
be further illustrated:

For each ball the difference of maximum and minimum both for shell thickness and veer
measured on 6 points is calculated. Then also a correlation is found:
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Limiting shell thickness variation will also limit hardness variation which seems logic as long
as the ball is produced with homogenous material.

Alternative method to use veer test to generate numeric veer results

When veer test is used for seamless ball it seems necessary that each ball is tested on several
axes, since the ball does not come with a defined axis. But for handling the results it would be
good to have a numeric veer test result.
This would allow calculation of mean
values and to do other statistics. The
method described above was only de-
signed to get a mean value from the
information that was supplied.

A different experimental setup could
help here: The rolling area of the test
table has the shape of a half circle with
radius of 100cm. The edge has a de-
gree scale with the centre line defined
as 0°. Rolling ball result should then
be recorded in degrees.
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Impact experiments

Built ball categories:

For impact experiments it is practical not to work with single balls but to work with lots of 40
pieces. To evaluate influences of irregularities the following classes have been built:

A) Veer result ooooo (OK on all axes)

B) Veer with at least 2 results of second “best” class X3, tests on other axes OK
C) Veer with strongest deviations

D) Shell thickness (measured on 160 points) Max-Min < 0.08mm

E) Shell thickness (measured on 160 Points) shell Thickness Max-Min = 0.09mm

Since only for 80 balls real shell thickness variation has been measured it was impossible to
build a class with lower variation.

All Polyball categories had been tested against commercial celluloid three star balls taken
from market without additional selection.

Consequences of ball-category on rebound on table

To research rebound on table cut samples of competition table tops had been tested with
LEKTOR under conditions that fairly correspond at real table tennis strokes.

A big number of impacts (>100) have been executed on each specimen under each condition.
Each result represents statistic number of impacts.

Measurement accuracy is an important matter to mind especially when measuring rebound
irregularities. Resolution of measurement has to be less than the deviation to research, other-
wise even an increase of the number of impacts will not improve meaningfulness of deviation
result. For a speed of 20m/s measurement resolution of LEKTOR is better than 0.2° in angle
and 0.05m/s in speed.

Impact Conditions:
* Rebound of push on table, 240 impacts
* Rebound of counter strike on table, 120 impacts
* Rebound of Topspin on table, 120 impacts

Target Figures:
* Standard deviation of rebound angle and speed

* Normal (perpendicular) vs. tangential (horizontal) velocity component
e Standard deviation of rebound angle and contact duration
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Rebound on table for push

3,0 Push
)
225 L
g A
g "
3 20
K
o (i
S O
S 15
e
H OCelluloid
e 1,0 BPoly A: Best veer
-‘;’ OPoly B: Second best veer
£ M Ppoly C: Worst veer
& 0,5 A Poly D: Thickness Max-Min 20.09mm

A Poly E: Thickness Max-Min < 0.08mm

0,0
000 002 004 006 008 010 012 014 0,116

Standard Deviation Rebound Speed [m/s]

Celluloid balls show least deviations
Poly B deviates a bit less than Poly A (“best” veer class)
Poly C and D (“worst” veer and thickness regularity) deviate most
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Celluloid balls show same small deviations as Poly A
Poly B deviates double more (same: Poly B and E)
Poly C (“worst” veer) deviates most (3 times celluloid)
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Celluloid balls show about same small deviations as Poly A

Poly B deviates more in speed (same: Poly E)
Poly C and D (“worst” veer and thickness variation) deviate most
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First conclusions

Veer class correlates with rebound deviations
“Best” veer class shows about same deviations as celluloid

To loosen veer criteria would implicate an even more irregular bounce on the table
than already with imperfect celluloid ball

Shell thickness criteria also correlates with rebound deviations

Deviations of contact duration for rebound on table
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There is a good correlation between Polyball class and deviation in contact duration
Only Poly A shows same small deviation in contact duration as celluloid ball
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Consequences of ball-category on rebound on racket

Method:

Several samples of a classic standard type of rubber had been glued on competition racket ply
blades.

The 6 different ball categories had been tested with LEKTOR for 5 conditions that correspond
at real table tennis strokes.

About 100 impacts have been executed for each ball category and each specimen under each
condition. Each result represents statistic number of impacts.

Results have been transferred to table tennis frame of reference to evaluate consequences on
table tennis play.

Measurement conditions (short description not going into detail):
* Topspin vs. opening Topspin close to table
* Topspin vs. Block
* Topspin vs. Push
* Topspin vs. Topspin away from table
* Block vs. Topspin

Target Figures:
Standard deviation of rebound angle und speed
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No clear correlations found but celluloid shows clearly least deviations
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Here celluloid shows clearly least deviations
Poly A, B and E show intermediate deviations, C and D “worst”.
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Topspin vs. Push
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Here celluloid and “best” veer classes about the same
Poly B is clearly “worse” than Poly A and E.
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Poly-balls class A and E “best” and “better” than celluloid
Poly-Ball class B then clearly “worse”
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Conclusions for rebound on rubbers:
* Again veer classes correlate with rebound deviations but correlations are not as clear
as for rebound on table. It seems that consequences of ball qualities on rebound devia-
tions are “damped” due to more complex impact effects on rubber compared to table.

*  “Best” veer class shows mostly about same deviations as celluloid, they are sometimes
slightly “better” and sometimes slightly “worse”

* Again result mostly shows that to loosen veer criteria (to allow category B) would im-
plicate an even more irregular bounce on the racket than already with imperfect cellu-
loid ball.

e Shell thickness criteria also correlates with rebound deviations
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Final comments: Veer vs. Shell Thickness

Shell thickness measurement (for a ball made of homogenous material) theoretically gives
more meaningful information on ball quality than veer. But, as it is insufficient to measure
just 6 points to decide upon total irregularity of ball it is necessary to do a complete scan of
the ball. But then process is a lot time taking.

Considering that veer test gave in these test mostly even better correlation on rebound irregu-
larity, out of practical reason veer seems to be the better method and may be used in the actual
defined setup with the five axes.

There is a discussion that test on five axis in arbitrary definition is in disfavour for the Poly-
ball compared to the test for the celluloid ball where the ball rolls on the seam. But the oppo-
site is also imaginable: If the two halves of celluloid ball are differently thick the deviation
from the centre line in veer test may be less when the ball rolls on another axis than the seam
axis since the latter is the worst case in such scenario.

But all this is only speculation, the only way to end such discussion is to do experiments:
Marking three star celluloid balls the same arbitrary way as the Polyballs and doing veer test
on five axis.

Even if veer test works “best” it has to be considered that it is an empiric test that does NOT
directly evaluate properties of relevance for table tennis. It is difficult to ascribe veer test to a
scientifically describable measurand as e.g. imbalance. There is no simple theoretical model
that can express how veer deviation depends on the ball being away from ideal shape.

Even if veer worked here to determine whether these Polyballs may have a regular bounce, to
claim a veer 00000 result is a very indirect demand for a supplier.

A better guideline would be a limit in shell thickness variation, e.g. that it should not vary
more than a certain limit. With analysis of actual data a first suggestion is +/- 7%, which is
not a small tolerance: For these balls it would mean limits of 0.44 to 0.51mm. With the infor-
mation we have got so far these tolerances are a quite similar quality demand as the veer
00000.

Further thoughts have to be spent on shell thickness since the difference of maximum and
minimum shell thickness does not need to be a good parameter to express shell thickness ir-
regularity:

* Imagine a ball that is produced seamless but one half has 0.52mm shell thickness and
the other 0.42mm (thus a max-min of 0.1mm). This one will have a very egg-like be-
haviour.

* On the other hand imagine a second ball that has all over a shell thickness of 0.47mm
except one spot with 0.57 this one will also have a max-min of 0.1mm. This ball will
have much less egg like behaviour.

* And then imagine a third ball that has lots of “mountains” of 0.52mm and “valleys” of
0.42mm equally distributed all over the ball. Such ball will have a quite regular behav-
iour but also will have a max-min of 0.1mm

When shell thickness is used as selection criteria more sophisticated calculations have to be
applied. There must be also a consideration on how the thickness is propagated throughout the
material. One method could be for example:
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“According to arbitrarily chosen coordinate system values are grouped in 6 ball halves: Left
and right of red line, left and right of blue line.... Mean value of opposing halves should not
differ more than 1% of total mean value” .

Maybe there is not enough information to set up decisive shell thickness tolerance limits in T3
so far. But it is recommendable to put limits in as advisory for future developments of balls.
And the range should be given in relative thickness (per cent of mean values) and not in abso-
lute values, since absolute values are dependent on material density.

The topic shell thickness is maybe worth to better research by scanning a much bigger num-
ber of balls and evaluating topology using state of the art statistic methods. This could be sub-
ject of a student research project.

Ball durability

It was expected that it is possible to collect durability data as side
results when series are executed. But ball breaking was so irregu-
lar that a clear result was not yet received. Thus so far we have
no clear information whether Poly-ball breaks earlier or later
than celluloid ball.

But there seems to be a big variation, some single balls broke
very early, maybe less than half of lifetime of celluloid for simi-
lar tests, but others seemed to last even longer than celluloid. But
this is so far only subjective information.

Crack has different shape than known from celluloid ball (there crack starts always with a
small crack perpendicular to seem, and it takes some impacts for the crack to grow). Poly-ball
starts with one crack no matter where and it takes only a few impacts until the crack crows to
some cm length in a more or less organic line.

It will be researched if the crack line has something to do with the “Valley/Mountain” struc-
ture of the shell.

To better research durability aspects there was a first trial:

For a set of 40 balls a special measurement series has been executed to count number of im-
pacts until balls break. But choice of condition was not good: even after 4000 impacts and 2
hours of testing only 3 of 40 balls have been broken. Thus series has been interrupted.

Such experiment will be repeated with higher intensity both for celluloid and Polyball to get
better feeling on durability in near future.
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Appendix: First report from September 26" 2012

Seamless Polyballs DHS

First overview on measured data for lot of 1000, corrected version regarding veer B

K. Tiefenbacher, September 26" 2012
Task
One big theme of examining the ball’s impact is to evaluate consequence of irregularity of
balls on bounce to help to set limits for ITTF approval of seamless Polyballs in a way to avoid
bad influences on table tennis sports.
Before sorting the balls into classes it has to be evaluated which of the measured aspects gives
the best criteria for a quality ranking of the balls.

Results and consequences

The existing data gave no good correlation between — as reasonable assumed — quality criteria
“bounce regularity”, “veer” and “shell thickness regularity”.
But there is some correlation found between pole thickness difference and veer result

while rolling on the corresponding axis.

Shell thickness has been measured on 6 points according to an arbitrarily defined Cartesian
coordinate system. It seems reasonable to evaluate whether it is possible with the ultrasonic
device to quickly find the real maximum and minimum shell thickness of the ball.
If possible, for each ball max and min should be added to the data set of the first 300 balls
where shell thickness already has been measured on six points. Analysis of this data will help
* to see whether it is necessary to determine max and min shell thickness in future
* to decide upon the classification of the balls in quality groups for impact tests
Further it might make sense to counter check ultrasonic device by measuring few balls (also
celluloid ball), then cutting them and measuring thickness with mechanical device on same
points.

If this additional analysis will not give clarification of best quality criteria balls will be classi-
fied according to two systems: A veer based system thickness and irregularity based system.

Details of first overview on quality criteria
Bounce
100 Balls had been measured at SKZ according to T3 on the six points. Mean bounce was

257mm (mean of lowest bouncing ball was 255mm and of highest bouncing ball 259mm).

Bounce on six different points for each ball was quite regular, there was a maximum differ-
ence of 6mm found for the six bounces of the balls:
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But this may not mean that bounce of the new ball will be the same regular for table tennis
play: Neglecting drag force, bounce height of 30.5cm corresponds at an impact velocity of
1.73m/s. In typical table tennis strokes relative speeds between racket and ball are found to be
27m/s which is 15 times bigger than at bounce test.

Higher impact speeds will cause much higher impact forces and ball deformations. Then shell
thickness irregularities may have much bigger influence on bounce regularity.

This will be the subject to research with impact experiments and to compare irregularities of
rebound of Poly-balls from different quality classes with those of approved celluloid balls.

Veer

All 1000 balls have been measured with ITTF veer test on three perpendicular axis and on
two other arbitrarily chosen axis. Additionally to the standard test not only deviation from the
centre lines of standard 175mm (“0”) had been recorded but also three other classes:

“x1”: the ball leaves the table at the side in less than 50cm, “x2”’: <75c¢m and “x3”: <100cm.
There are several ways to analyse this data.

To numerically exploit the data spontaneously the above deviation limits in 100cm distance
have been used to calculate angle limits: 9.9°, 13.1°, 19.3° and an estimated limit for biggest
deviation of 25.4°. Then each result (e.g. x2) has been recalculated as if a ball would have
passed exactly between the two limits. Thus o: 5°, x2: 11.5°, x2: 16.2° and x3: 22.4°. This
then allowed to calculate mean values for the five results of the veer test.
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Considering that the limit of 10° corresponds at the 175mm criteria this calculation leads to a
percentage of “good” balls of 30%. But this calculation is not scientifically and statistically
correct, it was just done to get an idea and to illustrate correlations numerically (see below).

Shell thickness
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SKZ measured for 300 balls shell thickness with ultrasonic device on six points each. Mean
shell thickness for the six points was found for each ball to be very well defined 0.47mm, the
maximum mean value was 0.50mm and the minimum 0.45mm.

When the range of thickness for each ball (max-min for the six points) is observed bigger dif-
ferences between balls are found. Histogram figures show the following distribution:
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The left graph shows on x-axis max-min in 0.01lmm and the right graph shows max-min in
relation to the mean material thickness.
There are balls with only max-min of 0.01mm but also balls with 0.2 mm (which is more than
40% of the mean thickness). Considering that thickness is determined only for six points it is
easy to imagine that the over all max-min will be found even bigger.

Previous samples of the seamless Polyballs had been marked with a more detailed coordinate
system, had been cut-off and material thickness had been measured with a mechanical pin
device on 62 points according to the coordinate system. This allows to figure the material
thickness in a 3D graph while z-axis is thickness, x is longitude and y is latitude. The below
graph is from a ball that showed an egg like behaviour at twisting and the coordinate system
had been chosen according to an equator shadow that had been visible in strong counter-light:
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Correlations, a first trial

Bounce vs. veer and bounce vs. shell thickness max-min
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Max-min of bounce does not show correlation with calculated veer angle result and not with
max-min of the ball’s shell thickness. But as outlined before bounce test according to T3 is far
away from the dynamic conditions of table tennis play.

It is also possible to draw a graph bounce height vs. shell thickness for singular bounces, but
this also does not show any correlation that might be assumed (e.g. the thicker the material the
higher the bounce), here comes the draw for north and south pole bounces:
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Veer vs. shell thickness irregularity

First look on mean angular veer result vs. irregularities in shell thickness (max-min of six
points) also does not show a strong correlation. Even balls with relatively big difference in
shell thickness may roll straight. Inversely there is some slight tendency: balls with big mean
veer value are more found for balls with big difference in shell thickness.
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A further way to evaluate influence of varying thickness on veer result which has a physical
justification is to calculate the difference between two poles of an axis and to draw a graph of
the veer result (four categories) according to the corresponding axis: e.g. north pole and south
pole define the axis for rolling on the red axis and so on.

If the two poles are different in material thickness there is a difference in weight of the poles.
If this defines the general weight difference between the two sides of the ball according to that
axis, the ball should deviate to the heavier pole direction.

The corresponding data exploitation gives the following image:
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And here there seems to be some clear correlation: Rolls for a veer result in the lowest devia-
tion class are the balls where the difference in pole thickness is the shortest. The rolls with
deviations according to the <50cm class are those with bigger difference in Pole thickness left
and right.

The correlation is not very strong, thus those big deviations cannot be easily explained simply
by a difference in the according pole thicknesses. Maybe these big deviations are caused by
thicker regions on the balls, which have not been detected when only the six points had been
measured.

This finding calls for additional trials to really find maximum and minimum material thick-
ness.
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