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Aludrive® 
High-Strength Aluminum Bolts for 

Weight-Optimized Lightweight Structures

Length of Thread Engagement / Functional Safety / Geometries / Coatings

Length of thread engagement
Upon designing a screwed joint, the principle shall apply 
that, even upon overload of joint, the nut thread will not 
shear-off but a break will occur in the area of free bolt 
clamping length. Further, tightening methods beyond 
the elastic limit are commonly used in order to ensure a 
uniformly high preload level whereby accordingly high 
tensile forces may occur on conventional steel bolts. This 
necessitates accordingly big lengths of thread engagement 
on low-strength light metals, in particular, as regards 
magnesium materials. Thanks to the use of Aludrive® bolts, 
the minimum lengths of thread engagement can now be 
considerably reduced. This brings about a great deal of 
technical and economic benefits:
• Significantly reduced material input upon component  
 design in the area of nut threads
• Shorter cycle times upon machining of forming of nut
 threads
• More compact and, thus, lighter constructions
• Wider leeway for the design engineer
• Use of shorter bolt-thread lengths

Functional safety
Upon tightening on light-metal components, the E-modulus 
of Aludrive® bolts, smaller by a factor of three as compared 
to steel bolts, generates joints with higher resilience as 
they can else be achieved, for instance, only by means of 
reduced-shaft bolts. As a consequence thereof, working 
loads applied cause smaller additional bolt loads which is of 
particular advantage under dynamic loads and, moreover, 
results in smaller preload losses during settling and creeping 
processes. Hence, the absolutely seen low durability values 
of Aludrive® bolts of at least ± 20 MPa (at an average preload 
of 0.7 x Rp0.2) are overcompensated to maintain safe joints 
even under alternating loads.

Geometries and coatings
ESKA Aludrive® bolts are generally available in all common 
bolt geometries. ESKA, however, recommends head shapes 
with external and internal hexalobular drives to ensure 
better load transmission. When being used on magnesium 
components, Aludrive® bolts should always be designed as 
collar bolts. 

The following surface variants are available
(always with additional lubricant):

Variant Field of application

Bare Standard surface, as heat-treated for 
applications without particular visual 
requirements

Bare, brightened To meet higher visual requirements

Passivated, 
sealed

To withstand heavy corrosive loads to 
reduce intergranular corrosion

Color-anodized For decorative purposes

Hard-anodized To withstand extreme mechanical 
loads of surface (e.g. functional cold-
formed parts)

With color
head code

For clear distinction against steel bolts

Others With all common sealing and adhesive 
thread-locking systems

Steel 8.8 M8 Aluminum Al9 M8



Thermal Stability / Resistance to Corrosion

Thermal stability

Unlike steel, light metals show a high thermal expansion 
coefficient. As to screwed joints made of corresponding 
components with steel bolts, high additional compressive 
stresses are exerted on the joined components in case 
of warming-up. When using low-strength materials or 
materials susceptible to creep (e.g. common magnesium 
alloys), irreversible plastic deformations may occur as 
a consequence thereof which give rise to significantly 
reduced residual clamping loads (relaxation) after the 
cooling process.

After a few temperature cycles only, high preload losses 
may come up which jeopardize the functional safety of 
joint.

ESKA-Aludrive® bolts, however, have got an expansion 
coefficient which is almost identical to that of the screwed 
parts made of aluminum or magnesium. So, any increase of 
preload upon temperature rise is significantly reduced and 
relaxation processes are considerably reduced.

Resistance to corrosion

Aludrive® bolts made by ESKA are principally suited for 
fastenings made of any and all common aluminum and 
magnesium alloys. Thanks to their similar electrochemical 
potential and special composition, there is no appreciable 
contact corrosion in heat-treated condition. Unlike 
conventional steel bolts, additional surface coating of bolts 
or other measures such as e.g. washers can almost always 
be ceased. This allows, as far as magnesium components 
are concerned, for a significant reduction of corrosion-
protection costs as otherwise customary. 

As a matter of fact, the alloy used in series is completely 
resistant to stress-cracking corrosion. This property has got 
utmost priority for bolts as permanently tensile-loaded and 
notched components.

Tightening methods and
standard tightening values

Aludrive® bolts are tightened in practice beyond the ela-
stic limit in order to optimally utilize bolt strength at all 
times. The common procedure hereby includes torque 
and angle controlled tightening, in some special cases, 
yield-strength controlled tightening. Thus, preload scat-
ters generated by only torque controlled tightening 
due to different friction conditions can be precluded.

The table given hereunder contains standard values for tor-
que and angle controlled tightening without explicit consi-
deration of such application-specific features as stiffness of 
the entire joint, clamping length or local friction conditions. 
The current tightening specification must always be veri-
fied for the actual application. Our Application Engineering 
Division will provide adequate support in this respect with 
tightening tests and preload measurements, if need be.

Marginal conditions:
Friction-coefficient range 0.09 – 0.15 / tightening process scatter ± 15%
Minimum bolt yield strength Rp0.2mm = 350 MPa
* Breaking torque upon full torsional load of bolt
** Snug torque for torque and angle controlled tightening; tightening
 angle α = 90° for free clamping lengths of 1 – 4 x bolt diameter
 (non-committal standard value)
	 α = 180° for free clamping lengths of 4 – 8 x bolt diameter
 (non-committal standard value)
*** Minimum attainable level upon torque and angle controlled tightening  
 within the specified friction-coefficient range

To be noted: The values given herein are based on general analytic
  calculations. They have to be verified by experiments in the 
  definite case of application!

Tightening Methods and Standard Tightening Values

Aludrive®

The ever increasing use of alloyed aluminum and magnesium in all fields of technolo-
gy and, in particular, in automotive industry requires advanced and intelligent solutions 
even in the field of fastening technology.

High-strength bolts made of aluminum alloys offer distinct advantages as compared 
to conventional steel bolts. Beside the pure advantage in weight, other advantages are 
increased stability of bolt to preload losses, avoidance of galvanic corrosion processes 
even without coating, and significant cost-saving potential when considering the overall 
bolt costs.

Thanks to its long-term experience in the field of complex cold-forming as well as spe-
cialization in application-specific special solutions, ESKA is the competent partner for the 
introduction and supply of your series-production with high-strength aluminum bolts. 
Thanks to exact process control in the entire production phase and, in particular, the 
use of a continuously running heat-treatment line according to the latest state of the 
art, Aludrive® bolts offer utmost mechanical properties. That is why Aludrive® bolts have 
already been in use in engine and gearbox construction of renowned automotive manuf-
acturers for a fairly long time.

Properties

• High-strength AA-6056 aluminum alloy (AlMgSiCuMn) in age-hardened T6 condition
• Tensile strength Rm: 420 – 440 MPa 
• Yield strength Rp0.2: 360 – 380 MPa
• Elongation at break A:  > 8 % (tested on fully threaded bolts with clamping length 2 x d)

• Elongation at break A5: > 10 % (tested on machined test bar with test length 5 x d)

• Max. application temperature: 150°C, short-term < 10 hrs up to 180°C
• Density:  2,7 g/cm³
• E-modulus (basic material):  70 GPa
• Linear thermal expansion
 coefficient (basic material): 23*10-6 K-1

Owing to the special heat-treatment capacities, yield strength and tensile strength can be 
restricted to special values, to fulfill application-specific property features on customer‘s 
request. 

Best mechanical and physical properties 

Aludrive® bolts are manufactured in series from 
AlMgSiCu-alloy AA-6056 originally developed for avi-
ation industry. Thanks to an optimized sequence of 
cold-forming and precise continuous heat-treatment 
processes, bolts featuring utmost strength with mini-
mized scatter and simultaneously good ductility and 
excellent resistance to corrosion are provided.

Schematic curve of additional stresses induced by temperature varia-
tions on a screwed light-metal joint as a function of component and 
bolt materials
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Schematic curve of residual preload on a screwed magnesium or alu-
minum joint as a function of bolt material with increasing operating 
time at increased temperature
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Correlation of tightening curve and axial preload curve upon torque 
tightening under different friction-coefficient conditions.

Correlation of tightening curve and axial preload curve upon torque and 
angle controlled tightening under different friction-coefficient conditions

Dimen-
sion

Minimum 
breaking 
torque

MB (Nm)*

Minimum 
breaking

tensile force
FB (kN)

Snug
torque

MF (Nm)**

Minimum
preload

FV (kN)***

M5 4,0 5,6 2,5 4,6

M6 6,7 8,0 4,1 6,5

M7 11 11,0 6,7 9,5

M8 16 14,2 10,0 11

M9 28 18,0 14,5 15

M10 33 22,1 19,5 19

M11 47 27,2 27,0 24

M12 58 33,5 34,0 26

M14 94 45,9 55,0 37

Tightening curve
Torque vs. tightening angle a

Tightening curve 
for high friction 
coefficients

Tightening curve 
for low friction 
coefficients
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Axial load curve
Axial preload F vs. axial elongation x
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Tightening curve
Torque vs. tightening angle a

Axial load curve
Axial preload F vs. axial elongation x


