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Introducti on
Over 90 years ago, chains were for the fi rst ti me 
used for linking the crankshaft  and camshaft  of 
internal combusti on engines. The bush chains 
used in this applicati on were based on a patent of 
Swiss inventor Hans Renold from 1880. Since 
then, the chain drive has become a highly com-
plex system the development of which requires 
an in-depth understanding of systems due to its 
interacti on with other engine components. Start-
ing from the component “hydraulic chain ten-
sioner”, the Schaeffler Group has taken on this 
challenge with state-of-the-art development 
methods. It off ers customers not only all compo-
nents of a chain drive system but also the relevant 
systems engineering.

Components and 
functi on
Chain tensioners
INA developed the fi rst chain tensioners based on 
a customer request in 1982. These elements were 
introduced to the market in a six-cylinder engine in 
1984.

The structure and functi on of the tensioning ele-
ments were derived from hydraulic valve lash ad-
justment elements (HVA). They work according to 
the principle of leakage gap damping that acts pro-
porti onal to the speed.

A piston that can be moved longitudinally is posi-
ti oned in a cylindrical housing so that a high-pres-
sure chamber (red) is created that is linked with 
the engine oil circuit (blue) via a check valve. The 
extremely narrow gap (leakage gap) between the 

piston and the housing 
seals the high-pressure 
chamber almost com-
pletely against external 
infl uences. The rota-
ti onal irregularity of 
the crankshaft  and/or 
camshaft  leads to 
chain oscillati ons that 
apply dynamic loads to 
the tensioner. The oil 
is forced out of the 
high-pressure chamber 
through the leakage 

gap, and oscillati on is 
damped dependent on 
its speed and the size 
of the leakage gap.

Chain tensioner ele-
ments have been de-
veloped further to 
meet the requirements 
of specifi c engines. The 
described functi onal 
principle, however, has 
remained unchanged 
to this day. Tensioners 
are usually located on 
the slack side, i.e. the 
driven side, of a chain 
drive system as shown 
in Figure 3.

Figure 4 compares the size of a hydraulic valve 
lash adjustment element and chain tensioning el-
ement. The signifi cantly larger stroke of the ten-
sioning element is required for compensati ng 
chain wear over the engine life and the tolerances 
of the chain drive system. The two elements also 
diff er in terms of the size of the leakage gap and 
thus their rigidity.

The customer’s design envelope requirements 
and the dynamic behavior of the chain drive sys-
tem that is measured or calculated during devel-
opment form the basis for the design of tension-
ing elements. Valid standards and the objective 
of ensuring the required function at lowest pos-
sible manufacturing costs are taken into account 
early in the design phase. The tensioners shown 
in the two figures be-
low were developed 
for current V8 en-
gines. Figure 5 shows 
an all-plastic element.

In another engine, high 
dynamic demands re-
quired a concept with 
a pressure control 
valve. This valve is inte-
grated in the high-
pressure chamber of 
the tensioner (Fig-
ure 6, right ball) and 
serves to compensate 
high force peaks.

Chain tensioner

Cranksha� sprocket

Chain blade

Chain guide

Camsha� sprocket

Figure 3 Structure of a chain drive system
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Figure 4 Comparison of the size of a chain tensioner and hydraulic valve lash 
adjustment element
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Figure 5 All-plasti c tensioning element

Oil supply Piston HousingHigh pressure chamber

Leakage gapCheck valve

Figure 6 Hydraulic tensioner with a pressure control valve

Figure 1 First hydraulic chain tensioner

Oil supply Piston Housing High-pressure chamber

Leakage gap Check valve

Figure 2 Structure of a hydraulic chain tensioner
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Chain guides and blades
In contrast to belts that have unguided sections, 
timing chains are always supported by guides 
and blades in the free strands. These elements 
prevent skewing of the chain when it enters 
the sprockets, but also chain oscillations and 
therefore high loads on the chain joints. The 
friction on these guides and blades can be mini-
mized by using suitable materials and geome-
tries.

Cast metal elements have been largely replaced by 
injecti on molded parts made of polyamides for 
cost and weight reasons. A large variety of base 
materials, which oft en contain reinforcing fi bers, 
are used in these elements. The direct contact sur-
face to the chain, however, is usually not rein-
forced. Plasti c supports have an improved internal 
damping behavior compared to sheet metal sup-

ports and therefore reduce the loads acti ng on the 
chain.

In contrast to metal supports, plasti c supports 
must be designed in increasingly large dimensions 
parti cularly in the directi on of the force applica-
ti on. This is due to the high temperature depen-
dency of the strength of polyamides. However, 
small engine design envelopes oft en require com-
promises that would not be possible without 
knowledge about the interacti ons between the 
systems. Figure 8 shows a plasti c chain blade in di-
rect comparison with a steel chain blade. A suit-
able design can achieve both a weight and price 
rati o of a factor of 1:5.

Sprockets
Chain sprockets link the chain to the crankshaft 
and the camshaft by geometrical locking. Their 

design, especially the 
connection with the 
shafts, is determined 
by the technical re-
quirements of the 
specific application. 
The tooth geometry of 
roller and bush chains 
is generally based on 
international stan-
dards. Toothed chains, 
which have been de-
veloped with the ob-
jective of reducing 
noise and friction, can 
have very different 
tooth profiles. These 
profiles are often spe-
cially designed for a 
chain and therefore 
not interchangeable, 
even if different 
chains have an identi-
cal pitch. This must be 
taken into account, 
especially when using 
toothed chains in en-
gines with variable 
camshaft phasing 
units, as the teeth are 
often an inherent part 
of the phasing unit 
and therefore part of 

expensive tools. Figure 9 shows a selection of 
sprockets from current production. In addition 
to flat or dished fine-blanked sprockets, there 
are sprockets made of sintered materials and 
machined sprockets.

The bush chain sprocket in Figure 10 is a special 
variant with a vulcanized rubber lining on the fl ank. 
The rubber lining minimizes the noise generated by 
the chain when it enters the sprocket as the link 
plates run on the rubber shoulder before the bush 
comes into contact with the tooth root.

Chain
INA worked as a sys-
tems developer for 
chain drive systems 
and as a component 
supplier for chain ten-
sioners for almost 
20 years unti l fall 2005. 
INA supplied systems in 
cooperati on with ex-
ternal partners, who 
were oft en also com-
peti tors. Nearly at the 
same ti me as the de-
velopment of a toothed 
transmission chain by 
LuK, the INA TechCen-
ter in Troy, USA started 
to design a toothed 
chain for primary 

drives in 2005. This 3/8” toothed chain went into 
volume producti on in a V8 engine in the USA in 
spring 2007. INA acquired the chain manufacturing 
plant of Renold in Calais, France in fall 2006 and 
has since then been able to off er its own compre-
hensive range of chains. This marked INA’s leap 
from a systems developer to a systems manufac-
turer.

INA transferred its manufacturing technologies to 
the chain producti on processes. For example, all 
chain pins are manufactured using high-precision 
grinding processes from needle roller producti on. 
The acquired product range could thus be signifi -
cantly improved. Figure 11 shows the improve-
ment in the wear behavior of 8 mm bush chains.

Sliding layer

Sheet metal support

Figure 7 Chain guide with a formed sheet metal part as support

Figure 8 Chain blades in diff erent designs

Figure 9 Chain sprockets in diff erent designs

Figure 10 Chain sprocket with rubber lining on the 
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The INA toothed chain has fi ne-blanked functi onal 
links. Figure 12 compares the design of a 3/8” 
toothed chain with a current product from a com-
peti tor.

The table shows that the INA toothed chain is char-
acterized by a very narrow design. This was 
achieved by using a set of only fi ve link plates of 
diff erent thicknesses. The intermediate plate is 
pressed onto the pin. Figure 12 shows the high 
clean cut proporti on on 
the functi onal surfaces 
in comparison with the 
competi tor’s chain. The 
resulti ng excellent joint 
surface is supported by 
the press fi t of the in-
termediate link which 
reduces defl ecti on of 
the pin under load. An 
extremely low chain 
wear was achieved 
with these measures. 
None of the engines 
that are currently in 
volume producti on or 
in the testi ng phase 
showed wear elonga-
ti ons larger than 0.15 % 
over long running 
ti mes. This is signifi -
cantly below the values 
achieved by the com-
peti tors’ chains. The 
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-2013.210.5Width/mm

Difference/%Compe�torINAComparison
⅜"toothed chain

Figure 12 Comparison of an INA chain and a chain 
from a competi tor

wall thicknesses are larger than the usual limits 
(Figure 13) and can only be reliably achieved 
through comprehensive tool opti mizati on.

All INA toothed chains have an identi cal basic de-
sign. Adaptati ons for diff erent future market sec-
tors (e.g. motorcycle applicati ons) are being devel-
oped.

System
Figure 14 shows a copy of a tensioner stroke calcu-
lati on from 1987.

Back then, calculating the stroke of the chain 
tensioner and the curve of the catenary using a 

pocket calculator and trigonometric formulas 
was a time-consuming task. This basic design ac-
tivity was further developed using the first sim-
ple CAE calculation programs and has meanwhile 
become a complex systems analysis where the 
calculation of the tensioner stroke requires com-
parably little outlay. Often, a chain drive system 
can only be designed by taking into account the 
function and influences of adjacent systems/
components such as balancer shafts (AGW), vari-
able camshaft phasing units or valve train sys-
tems. The integration of stop-start functional-
ities in engine operation and the requirement 
for further reductions in friction will place new 
demands on chain drive systems. INA can draw 
on the experience of the different sectors of its 
Engine Systems division in solving these tasks, 
which is regarded as a significant competitive 
advantage by the customer.

An example of the described system infl uence is 
the chain sprocket from a balancer shaft  drive of a 
four-cylinder engine (Figure 15).

The 7 mm chain used in the turbocharged version 
of an engine was overloaded due to increased ir-
regulariti es of the balancer shaft s compared to the 
normally-aspirated version. Durability of the chain 
drive was achieved by integrati ng a damper in the 
crankshaft  gear and thus signifi cantly reducing the 
load peaks in the drive. The diagram in Figure 16 
compares the torsional vibrati ons measured on the 
balancer shaft  with and without an integrated 
damper in the gear.

Similar eff ects were achieved for the balancer shaft  
of a three-cylinder diesel engine with a tensioner-
guide applicati on called “Moti on Guide” (Fig-
ure 17).

In this case, the systems simulati on recommended 
the use of a reinforced chain, which moved the 
resonance speed range towards higher speeds 
(Figure 18). The diagram shows the envelopes 
(maximum/minimum values) and the mean values 
of the chain forces over the speed range as a func-
ti on of the chain used.
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Figure 13 Wall thickness rati os of a chain link

Figure 14 Tensioning element calculati on from 1987

Figure 15 Chain sprocket with integrated vibrati on 
damper
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Figure 16 Infl uence of a torsional vibrati on damper in 
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state of the art. INA also uses an increasing number 
of simulati ons that can signifi cantly shorten variant 
testi ng if the models have been calibrated with 
tests. Figure 22 shows an example of the high cor-
relati on between the test results and the calcula-
ti ons for the balancer shaft  damper described in 
Figure 16.

INA now uses simulati on tools that can combine 
the systems valve train, variable camshaft  phasing 
unit and chain drive, and, if required, balancer 
shaft  damper or dual mass fl ywheel. Precise input 
data of the aff ected systems is required to achieve 
reliable results in the simulati ons. This is another 
fi eld where INA Engine Systems can draw on the 
wide range of experti se of its sectors and make use 
of synergies.

Summary
Starti ng with the replica of a shock absorber 
25 years ago, INA has developed a wide range of 
products that covers all elements of the chain drive 
system. The design of components for chain ten-
sioning elements has become a complex task that 
requires an in-depth understanding of systems. 
Cost-eff ecti ve soluti ons can only be developed 
within the available ti meframe and budget by us-
ing special simulati on tools and measurement 
technology. Profound knowledge about the sys-
tems that interact with the chain drive, such as 
variable camshaft  phasing unit, balancer shaft s, 
valve train and injecti on pumps, is essenti al for an 
opti mum design of the enti re system. INA is opti -
mally positi oned for this task due to the close co-
operati on between the diff erent sectors.

Some engines today have out-of-round chain 
sprockets for reducing the eff ects of torsional vi-
brati on on the chain drive. Here, the irregularity 
caused by the engine is compensated by an out-of-
round chain sprocket. In an ideal case, this reduces 
the system loads by up to 20 %. The design of such 
a sprocket (Figure 19 shows a tri-hexagonal sprock-
et for a three-cylinder engine in comparison with a 
round sprocket) depends on the dominant engine 
orders and requires a defi ned wrap angle on the 
chain sprocket. The design is always matched to a 
criti cal speed range.

Compared to round sprockets, this can someti mes 
lead to increased loads on the drive in defi ned 
speed ranges, especially in applicati ons for variable 

camshaft  phasing systems. Here, simulati ons pro-
vide comprehensive and useful informati on for the 
extremely complex tests.

Another example of cross-system experti se in de-
signing chain drive systems is the connecti on of 
diesel injecti on pumps with chain drives. The force 
development in the chain drive can be strongly in-
fl uenced by changing the angular positi on of the 
pump. Here, the drive torque of the pump super-
imposes the drive torque of the camshaft . Detailed 
knowledge of the pump and its applicati on on the 
engine is therefore useful for opti mizing the chain 
drive. Figure 20 shows the corresponding curves of 
the pressure in the tensioner’s high-pressure 
chamber and thus the chain load.

Extremely high chain forces that occurred in a 
four-cylinder high-speed engine at speeds over 

10 000 1/min could only be explained aft er inves-
ti gati ng in more detail the backlash of the inter-
mediate gear used between the crankshaft  and 
the primary chain sprocket. The results can be 
taken from Figure 21, which shows the maximum 
chain forces during startup as a functi on of the 
tooth backlash.

The diagram shows that an increased tooth back-
lash signifi cantly reduces the chain forces in the 
primary drive. Thus, the intermediate gear has the 
eff ect of a vibrati on damper.

Many of the above described developments were 
tested with measurement technology that was 
specially developed for chain drive dynamics. Dur-
ing almost 20 years, INA has gained experti se in 
this fi eld thus oft en being one step ahead of the 
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Figure 18 Infl uence of the chain rigidity on the drive 
resonance

Figure 19 Out-of-round chain sprocket for a three-
cylinder engine with round envelopes
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Figure 20 Infl uence of the orientati on of the diesel 
injecti on pump on the tensioner load
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Figure 21 Infl uence of the tooth backlash of an 
intermediate gear on the chain forces
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Figure 22 Correlati on between the measurement 
results and calculati ons for the balancer 
shaft  system in Figure 16


