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1 Introduction

The shifting behavior of bicycle chains produced by different manufacturers results in a
strongly subjective judgment expressed by the user (mechanic, racing cyclist, hobby cyclist)
as to the quality of the products. When shifting gears the user feels the reaction forces at
the shifter, possible time differences between respective shifting processes as well as the
ability to carry out the gear shifting process successfully even under load. Thus the
judgment with respect to the quality of a shifting process remains a subjectively perceived
criterion. Up to now a quantifiable statement regarding the shifting behavior (shifting
performance) of a chain has not yet been scientifically documented. An objective
comparison of shifting performances requires tests on a suitable test bench. Within the
framework of the study described here the shifting performance of different chain systems
is analyzed in order to be able to subsequently carry out a direct comparison.

In the previous study IME 63/08 with chains in mint condition without significant wear,
clearly quantifiable trends for manufacturer-specific chain types as regards "bad" or "good"
shifting performance could not be detected. A correlation with subjective customer
assessments was not found. Therefore the tests described in this study also include chains
with a certain degree of wear and tear.

Test set-up, test procedure, evaluation of results as well as the report at hand follow the
test methods already documented (see report IME 63/08).

2 Test objective

Test objective is the evaluation of the shifting performance of run-in and thus elongated 10-
speed chains manufactured by Shimano in direct comparison to the reference products
Connex 10s8 and Connex 10sX. The Shimano chain tested is called Shimano HG 7801
(Dura Ace). Before the tests the a.m. chains are in three defined run-in conditions with
chain elongations of 30 %, 50 % and 70 % respectively. These elongations were previously
created on test benches at Wippermann. Subsequently the elongated chains were supplied
to IME to test their shifting behavior. For reference reasons as to the tests already carried
out, the Connex 10s chain was additionally tested as a chain in mint condition.
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On a suitable IME test bench shifting speeds (shifting time) between the 6™ and the 7"
sprocket are ascertained in order to assess the shifting performance of the chains
objectively and quantifiably. The sprockets are numbered according to size with the
smallest one in the sprocket set being allocated the No. 1.

3 Chain test bench

In order to obtain a statement about chain performance which is as precise as possible, a
test bench is required that is able to reflect the cycling and shifting behavior of a cyclist in a
sufficiently exact manner. The bench used for these tests is shown in figure 1. Here the
bicycle frame is fixed at the stem and via a support device at the bottom bracket; the
chainstay can react elastically during a shifting process. Thus possible influencing factors
caused by lateral chainstay elasticity as in real cycling are to be ensured.

Speed masurement system

Fig. 1.  Test bench to asses shifting performance o f chains

The chain ring is driven by an asynchronous motor with an upstream gearbox (transmission
ration i = 55.76) and a drive power of 0.25 kW. Between the motor and the foot pedal (type:
Shimano Ultegra with

53 teeth) a torque gauge bar is fitted in order to measure the torque at the drive side.
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The torque gauge bar was fitted with appropriate couplings in order to compensate
misalignment as well as radial offset between drive and driven side (see fig. 2). The
connection to the foot pedal is fork-shaped. It allows for an easy adaption of foot pedal sets
by various manufacturers. The option to use different foot pedal sets is to remain.

Fig. 2.  Drive side with interconnected torque gaug e bar

The drive of the rear wheel (simulation of roll resistance and thus chain twisting) is realized
during the tests by means of an asynchronous brake motor (0.75 kW), which is connected
to the rear wheel via flat belt drive. The elasticity of the belt drive is achieved via the dead
weight of the brake motor, which is mounted eccentrically on a rotary axis. Due to the
adjustable braking effect at the driven side with constant and also freely selectable drive /
input speed the chain drive is loaded / twisted. Shifting processes between sprockets No. 6
and No. 7 (upshifting and downshifting) are carried out under two different load conditions -
with minimum elongation and also with maximally possible elongation. Maximum elongation
is defined as the maximally possible driving torque where the shifting process is just about
possible without the chain jumping off.

Minimum elongation corresponds to a torque of approximately 3.3 Nm on the drive side with
the chain on sprocket 7 and of 3.6 Nm on sprocket 6. The corresponding values for
maximum elongation are 7 Nm on sprocket 7 and 7.7 Nm on sprocket 6 (ascertained with
the Connex 10s chain in mint condition).

In this experimental setup rear wheel speed is not measured by means of a laser pick up
like in previous tests (see report IME 63/08), but by means of a highly precise angle
measuring system supplied by the" Heidenhain" company (see fig. 3). Here, the system
was attached to the hub of the rear wheel using a suitable bracket. The incremental disk
has 9,000 pitches in 360° The distance between the scanning head and the incremental
disk is approximately 0.1mm. The sensor bracket has been designed in a way so that the
sensor is sterically adjustable in order to achieve the exact position across from the disk.
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Fig. 3:  Highly precise speed measurement my means  of angle measuring system ERA 150 by
Heidenhain

The input speed results from the number of teeth combination of the chain ring and the
sprocket used. During the tests to quantify the shifting performance the sprocket set as well
as the chain ring remain the same for all chain types. The sprocket set is Dura-Ace CS-
7800, 10 speed made by Shimano with the grading 12-25 (this corresponds to 12-13-14-15-
16-17-19-21-23-25 teeth). The input speed n of the foot pedal is a constant 90 min-1. in all
test series. The shifting processes to be tested at the a.m. drive speed take place between
the 6™ and the 7" sprocket with 17 and 19 teeth respectively. Drive speed as well as
sprockets used in the shifting process were initial requirements.

In order to achieve a high level of reproducibility of the measurements, the shifting process
is carried out by means of a pneumatically operated circuit breaker (see fig. 4).

Pneumatic cylinder with force sensor Detailed view of force sensor

Fig. 4:  Pneumatically operated circuit breaker wit  h integrated force sensor unit

The application of such a circuit breaker is necessary in order to eliminate user-specific
differences whilst using the shifter (especially user-related differences as to shifting force
and shifting speed). Thus absolutely reproducible and comparable shifting processes can
be ensured.
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The circuit breaker consists of a double-acting pneumatic cylinder (Airtec,

type: HM-08-010), which is supplied with compressed air via a conventional compressor. By
means of a suitable adjustment device the piston travel is adjustable in a way that shifting
can be carried out neatly not only between two adjacent sprockets but also across several
sprockets.

The piston of the pneumatic cylinder is directly connected to a Piezo force sensor
(KISTLER, type: 9203). By means of a correspondingly shaped U-profile the connection of
the force sensor to the gear cable is achieved. Piezo force sensors are especially suitable
for force measurements in dynamic processes and are therefore suited for this kind of
application. Triggering off the pneumatic cylinder prior to the tests is done manually by
actuation of the respective control buttons (see fig. 4). Thus the shifting process can be
started manually without, however, keeping constant time intervals between a series of
several shifting processes. In the present test stand arrangement the shifting process is
entirely automated. The shifting signal is preset by a function generator with a freely
selectable timing cycle thus allowing for the compliance of shifting intervals with identical
lengths. These preconditions make a direct comparison of shifting times with different chain
types possible.

4 Measurements taken and evaluation

The chains to be tested all have 108 chain links, but they are in different wear states.
Prior to the tests they were elongated on a suitable test stand by Wippermann jr. GmbH.
Thus they have length differences of 30 %, 50 % and 70 % respectively (see tab 1).

. Chain Measured lenght
Chain number AR
(Numbering EIongatlon_ in % [cm]_ _
. Product name (elongation of 108 chain links
according to ied b d with |
Wippermann) carried out by (measure with lose
Wippermann) chain)
1 Shimano HG 7801 30 % 137
2 Shimano HG 7801 50 % 137,4
3 Shimano HG 7801 70 % 138,2
4 Connex 10s8 30 % 136,8
5 Connex 10s8 50 % 137,5
6 Connex 10s8 70 % 137,9
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7 Connex 10sX 30 % 136,7

8 Connex 10sX 50 % 136,9

9 Connex 10sX 70 % 136,9
Tab. 1: List of chains with respective elongation in %

The chain lock is not included in this list of chain lengths. The second test series focuses on
a direct comparison between the two products Connex 10s8 and Connex 10sX with chain
type Shimano HG 7801, Dura Ace (see tab 2). As an additional reference chain IME chose
the Connex 10s in a new condition. This chain was added on the initiative of the IME in
order to have a direct comparison with the tests of the first test series. (report 63/08).

Shimano
HG 7801
(Chain number)

Wippermann
Connex 10s8
(Chain number)

Wippermann
Connex 10sX
(Chain number)

Wippermann
Connex 10s
(Reference chain)

Induced chain
elongation [%]
prior to tests

Nr. 1: 30 % Nr. 4: 30 % Nr. 7: 30 %
Nr. 2: 50 % Nr. 5: 50 % Nr. 8: 50 %
Nr. 3: 70 % Nr. 6: 70 % Nr. 9: 70 %

New condition

Tab. 2:

Comparison of chains to be tested with res

pective chain elongations

Two test series with a total of approximately 40 shifting processes (about 20 times

upshifting and 20 times downshifting) are carried out with each chain in an almost unloaded
state as well as under maximum load. The respective signals for force, speed and torque
are recorded (see fig. 5). The figure shows one section of a measuring record for the
reference chain Connex 10s with minimum elongation. In this study the upshifting process

is defined as a chain position change from the smaller sprocket (17 teeth) to the larger one
(19 teeth).
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Fig. 5:  Section of a measuring record showing the force, speed and torque signal with a drive
speed of 90 min-1 and minimum pre-tension of the ¢ hain

Measuring signals are evaluated manually by means of the data analysis software DIAdem
supplied by National Instruments. The first test series is carried out under almost load-free
condition. Elongation of the chains caused by the braking effect at the driven side is
marginal. Merely belt elasticity due to the eccentric bearing of the drive motor causes
minimum elongation.

In these tests the first and the last five shifting processes out of the total of 40 recorded
events are evaluated in each case. In the process two different times are evaluated: firstly,
the time difference (interval numbered 1) between the beginning of the change of the force
signal up to the beginning of the change of the speed signal is measured. Secondly, the
time difference (interval numbered 2) between the beginning of the force signal up to the
first minimum (maximum) of the speed signal is measured (see fig. 6). These time
measurements are possible since both signals (force and speed) refer to the same time
axis. Thus ten shifting times for upshifting and ten shifting times for downshifting are
recorded for each chain type. Subsequently the average shifting time is calculated for each
case.
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Fig. 6:  Section of a measuring record with evaluat  ed time windows (interval 1 and 2)

during upshifting
For the evaluation results see the following tables and the annex. They show the two time
values as well as the respective position as to their shifting time.

Tab. 3 shows the averaged shifting times of both time measurements for upshifting from
sprocket 6 to sprocket 7 with hardly any chain pre-tension.

Time run 1: Time rune 2:
Prior elonoation Averaged time Averaged time Position after Position after
Tvo of chain [%]g of upshifting of upshifting evaluation of evaluation of
yp process without process without time window 1 time window 2
pre-tension pre-tension
30 0,1694 0,8920 1 1b
Shimano
HG 7801 50 0,2699 0,9771 7 7
70 0,2682 0,9647 6 4
30 0,2371 0,9108 3 2
Wippermann
Connex 10s8 50 0,2848 0,9667 9 6
70 0,2198 0,9806 2a 8
30 0,2829 0,9836 8 9
Wippermann
Connex 10sX 50 0,2672 0,9244 5 3
70 0,2616 0,9664 4 5
Wippermann
Connex 10s 0 0,2338 0,7006 2b la
(Reference: new)

Tab. 3:

Averaged shifting times (upshifting) from

sprocket 6 to sprocket 7 with minimum pre-tension

10
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On the basis of shifting times shown in tab. 3 shifting time differences between the new

reference chain (Connex 10s) without prior elongation and the other chains can be

calculated (see tab. 4). In order to facilitate the comparison between the different chains
and the reference chain Connex 10s (new) this table shows the time shifting differences
between times 1 and 2. Green fields mark the times by which the new Connex 10s shifts

11

faster than the listed chain with its respective prior elongation. Red fields mark the times by
which the Connex10s shifts more slowly than the respective comparable product.

Comparison of time 1 and time 2 of the new Connex 10s with the listed chains

Red fields: time by which the (not pre-elongated) Connex 10s shifts more slowly
Green fields: time by which the (not pre-elongated) Connex 10s shifts faster

(new, not pre-elongated)

Time 1 [s]
30 %
Time 2 [s]
Shimano Time 1s]
HG 7801 50% )
Time 2 [s]
Time 1 [s]
70 %
Time 2 [s]
Time 1 [s]
30 %
Time 2 [s]
Wippermann 50 % Time 1s]
Connex 10s8 ? _
Time 2 [s]
Time 1 [s]
70 %
Time 2 [s]
Time 1 [s]
30 %
Time 2 [s]
Wippermann 50 % Time 1s]
Connex 10sX 0 _
Time 2 [s]
Time 1 [s]
70 %
Time 2 [s]
Refereg(;i:n\év)l(plpgsrmann 0% Shifting time 1: Shifting time 2:
° 0,2338's 0,7006 s

Tab. 4. Time differences of reference chain Connex

10s compared to the different pre-elongated

chain types (upshifting with minimum pre-tension)
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Tab. 5 shows the averaged shifting times of both time measurements for downshifting from
sprocket 7 to sprocket 6 with minimum pre-tension.

i . Time 2:
) Time 1: Averaged time o o
Prior Averaged time of upshifting Position after Position after
Chain type elongation of upshifting process without evaluation of evaluation of
[%] process Wit_hout pre-tension time window 1 time window 2
pre-tension
30 0,2459 0,5763 2 2b
Shimano
HG 7801 50 0,2585 0,6160 3 6
70 0,2859 0,6282 6 7
30 0,3286 0,6860 9 9
Wippermann
Connex 10s8 50 0,2623 0,6098 4 5
70 0,3029 0,6361 8 8
30 0,2981 0,6052 7 4
Wippermann
Connex 10sX 50 0,2778 0,6035 5 3
70 0,2306 0,5382 1b 1
Wippermann
Connex 10s 0 0,2195 0,5604 la 2a
(Reference: new)

Tab. 5: Averaged shifting times (downshifting) fro

tension

m sprocket 7 to sprocket 6 with minimum pre-

On the basis of shifting times shown in tab. 5 shifting time differences between the new
reference chain (Connex 10s) without prior elongation and the other chains can be
calculated (see tab. 6) just like above.

Comparison of time 1 and time 2 of the new Connex 10s with the listed chains

Red fields: time by which the (not pre-elongated) Connex 10s shifts more slowly
Green fields: time by which the (not pre-elongated) Connex 10s shifts faster

Time 1 [s]
30 %
Zeit 2 [s]
Shi Time 1 [s]
imano
HG 7801 0%
Zeit 2 [s]
Time 1 [s]
70 %
Zeit 2 [s]
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Time 1 [s]
30 %
Time 2 [s]
Time 1[s
Wippermann 50 % s
Connex 10s8 0
Time 2 [s]
Time 1 [s]
70 %
Time 2 [s]
Time 1 [s]
30 %
Time 2 [s]
Time 1[s
Wippermann 50 % 2
Connex 10sX ?
Time 2 [s]
Time 1 [s]
70 %
Time 2 [s]
Reference:
Wippermann L e )
Shifting time 1: Shifting time 2:
0,
C°’22§§V1°s O 0,2195s 0,5604

not elongated)

Tab. 6:

Time differences of reference chain Connex

10s compared to the different pre-elongated

chain types (downshifting with minimum pre-tension)

13
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Tab. 7 shows the averaged shifting times of both time measurements for upshifting from
sprocket 6 to sprocket 7 with maximally possible pre-tension.

Time 1: Time 2:
) Averaged time Averaged time . -
Chain type eIorFl)g;Iecl)trion of upshiftir)g of upshifting Zsz;ﬂggoanﬂg; ZSZ:Eggoiﬂg;
process with process with . . ) -
[%0] maximun maximun time window 1 time window 2
pre-tension pre-tension
30 0,2190 0,5729 3 8
ag”;%%i 50 0,2531 0,5634 8 6
70 0,2641 0,5797 9 9
30 0,2286 0,5675 6 7
gg‘r’]f]z;mﬁ”s% 50 0,2386 05472 7 3
70 0,2122 0,5452 2 1b
30 0,2199 0,5631 4 5
g;ﬂﬁz;ml%gr)‘( 50 0,2107 0,5456 1b 2
70 0,2246 0,5591 5 4
Wippermann
Connex 10s 0 0,1952 0,5133 la la

(Reference new:)

Tab. 7:

tension

Averaged shifting times (upshifting) from s

procket 6 to sprocket 7 with maximum pre-

14
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On the basis of shifting times shown in tab. 7 shifting time differences between the new
reference chain (Connex 10s) without prior elongation and the other chains can be
calculated (see tab. 8) just like shown above for shifting processes with minimum pre-
tension.

Comparison of time 1 and time 2 of the new Connex 10s with the listed chains
Red fields: time by which the (not pre-elongated) Connex 10s shifts more slowly
Green fields: time by which the (not pre-elongated) Connex 10s shifts faster
Time 1 [s]
30 %
Time 2 [s]
Shimano 50 % Time 1[s]
HG 7801 0 _
Time 2 [s]
Time 1 [s]
70 %
Time 2 [s]
Time 1 [s]
30 %
Time 2 [s]
Wippermann 50 % Time 1s]
Connex 10s8 0 _
Time 2 [s]
Time 1 [s]
70 %
Time 2 [s]
Time 1 [s]
30 %
Time 2 [s]
Wippermann Time 1 [s]
50 %
Connex 10sX )
Time 2 [s]
Time 1 [s]
70 %
Time 2 [s]
Reference:
Wippermann L L
Shifting time 1: Shifting time 2:
Connex 10s 0%
(new , 0,1952 s 0,5133 s
not elongated)

Tab. 8: Time differences of reference chain Connex  10s compared to the different pre-elongated
chain types (upshifting with maximum pre-tension)
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Tab. 9 shows the averaged shifting times of both time measurements for downshifting from

sprocket 7 to sprocket 6 with maximally possible pre-tension.

(Reference: new)

Time 1: Time 2:
Averaged time of Averaged time of
Prior elongation downshifting downshifting Position after Position after
Chain typ % ]g process with process with evaluation of evaluation of
maximally maximally time window 1 time window 1
possible pre- possible pre-
tension tension
30 0,2308 0,7168 1b 3
Shimano
HG 7801 50 0,2383 0,7337 2 7
70 0,2648 0,7178 6 4
30 0,2875 0,7752 7 8
Wippermann
Connex 10s8 50 0,3070 0,7870 8 9a
70 0,3075 0,7134 9 2
30 0,2616 0,6603 5 1
Wippermann
Connex 10sX 50 0,2431 0,7239 3 5
70 0,2467 0,7335 4 6
Wippermann
Connex 10s 0 0,1801 0,9584 la 9b

Tab. 9:
tension

Averaged shifting times (downshifting) fro

m sprocket 7 to sprocket 6 with maximum pre-
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According to the procedure described above tab. 10 shows the 7 shifting time differences
between the new reference chain (Connex 10s) without prior elongation and the other
chains.

Comparison of time 1 and time 2 of the new Connex 10s_with the listed chains
Red fields: time by which the (not pre-elongated) Connex 10s shifts more slowly
Green fields: time by which the (not pre-elongated) Connex 10s shifts faster
Time 1 [s]
30 %
Time 2 [s]
Shimano 50 % Time 1[s]
HG 7801 0 _
Time 2 [s]
Time 1 [s]
70 %
Time 2 [s]
Time 1 [s]
30 %
Time 2 [s]
Wippermann Time 1[s]
50 %
Connex 10s8 .
Time 2 [s]
Time 1 [s]
70 %
Time 2 [s]
Time 1 [s]
30 %
Time 2 [s]
Wippermann Time 1s]
50 %
Connex 10sX )
Time 2 [s]
Time 1 [s]
70 %
Time 2 [s]
Reference:
Vgg)r%e é)r(n'ilgg 0% Shifting time 1: Shifting time 2:
(new, 0,1801 s 0,9584 s
not elongated)

Tab. 10: Time differences of reference chain Conne  x 10s compared to the different pre-elongated
chain types (downshifting with maximum pre-tension)
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An outline of measured shifting times (shifting time 1 and 2) is depicted in fig. 7. It shows
the respective times for the upshifting process with maximum as well as with minimum pre-
tension for the different chain types.

Comparison of shifting time intervals of chains tes ted
(Upshifting process with min. and max. pre-tension)

—+—Time interval 1 with min. pre-tension —m— Time interval 2 with min. pre-tension
Time interval 1 with max. pre-tension — [ime interval 2 with max. pre-tension
1,2

1 }/.‘l\./".—.\./I
0.8

Ermittalte Schaltzeiten [s]

0.6 r— — —

0.4

02 | Bt T e T
0 I I I I I I

Fig. 7. Comparison of shifting times (shifting tim e 1 and 2) during upshifting with minimum and
maximum pre-tension

Correspondingly, fig. 8 shows an outline of shifting times for the downshifting process under
both load conditions.
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Comparison of shifting time intervals of chains tes ted
(Downshifting process with min. and max. pre-tensio n)

—+—Time interval 1 with min. pre-tension —m— Time interval 2 with min. pre-tension
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Fig. 8:  Comparison of shifting times (shifting tim e 1 and 2) during downshifting with minimum
and maximum pre-tension

Fig. 7 (depicting the times for upshifting processes) shows that the chain type HG 7801 with
30 % elongation is on par with the two Connex reference chains regarding the upshifting
process. Only in case of upshifting with minimum pre-tension (time interval 1) does it have a
shorter shifting time. With an elongation of 50 % the HG 7801 chain has a slightly longer
shifting time, except as regards time interval 1 with minimum pre-tension. Here the two
Connex chains seem to have the better shifting performance. Shifting time differences with
70 % elongation are hardly noticeable. Only the Connex 10s8 performs slightly better than
the other chains.

Fig. 8 (depicting the times for downshifting processes) shows that the chain type Shimano
HG 7801 has the better shifting performance with an elongation of 30 % except for time
interval 2 with maximum pre-tension. With 50 % elongation the HG 7801 chain has a
slightly better shifting performance only for time interval 1 with pre-tension. With 70 %
elongation, however, the HG 7801 chain is not better than the Connex chains.
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What was already mentioned in report IME 63/08 for the first test series applies to this test
series as well: the influence of the Shimano Ultegra foot pedal fittings on shifting
performance was not tested. Moreover, an examination of the influence of the sprocket set
(manufacturer, type and teeth geometry) was not carried out, either.

5 Summary

In order to be able to make quantitative statements as to the shifting performance of chains
in 10-speed drive systems an existing bicycle chain test bench was modified for the study at
hand. The switching process is started via a pneumatically operated circuit breaker, which
eliminates user-specific shifting characteristics as well as subjective sensations and
perceptions while operating the shifter. Furthermore, switching intervals of identical lengths
could be realized by means of a function generator. This is a basic condition for an
objective comparability of the respective shifting processes. Modifications of the test bench
comprise the integration of a torque gauge bar at the drive side (torque transmission into
the foot pedal) as well as the application of a highly precise and high-resolution speed
measuring system manufactured by Heidenhein.

By means of a suitable coupling between drive and driven motor switching tests could be
carried out with almost load-free and maximally pre-tensioned chains. During the tests the
shifting force, the speed at the driven side with given drive speeds as well as the torque
were measured.

The evaluation of averaged shifting times shows that time differences between the
respective bicycle chains tested in the bench test at hand are only marginal. We are
therefore convinced that there is no clear trend, neither as regards chain type nor state of
wear.

This means that the results of measured shifting times for partly worn (elongated) chains do
not significantly differ from results ascertained in the original tests with new chains. A
correlation with subjective customer assessments was not found.
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8. Annex

Tab. 11 and Tab. 12 show the total of evaluated times for the measurements taken with minimum
and maximum pre-tension

Tab 11: Evaluation of time windows for shifting pro cess with minimum pre-tension
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Tab. 12: Evaluation of time windows for shifting pr

ocess with maximum pre-tension
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