











[bookmark: _Toc32185680]ABSTRACT
[bookmark: _GoBack]The aim of this carry-on calculations on gudgeon pin, conrod assembly and crankshaft, to acquire the most accurate results specific research and practical measurements were done to find correct safety factor values. Goodman diagrams were plotted after each calculation to visualized and evaluate the allowable range of each component.
On the basis of the Ford OEM conrod bolts, a new aftermarket bolt was designed for a RACING engine. 
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[bookmark: _Toc32185681]
 STRESSES ON GUDGEON PIN
[bookmark: _Toc32185682]THE GUDGEON PIN 
The gudgeon pin is a fundamental engine component it’s one of the first component that engine companies design when it comes to design an engine. Despite its “simple” design the gudgeon pin has the fundamental aim to transmit the forces from the piston to the connection rod, for performing it properly it requires a precise diameter with surface superfinishing with specific coatings to guarantee the correct tolerance fit with piston and conrod.
D.L.C. Diamond-Like Carbon coating, it’s one of the most common surface treatments used for gudgeon pins, it guarantees high hardness and very low friction coefficient, which is exactly what’s needed for the piston- rod assembly. The gudgeon pin surface has to be super strong and very smooth at the same time, as conrod motion would cause wear issues if the pin surface isn’t smooth enough.
[bookmark: _Toc32185683]MEASUREMENTS
In order to start the study, it was necessary to acquire a conrod, piston and gudgeon pin assembly of a Ford 1.6L Eco boost engine, the gudgeon pin was then measured and modelled in SolidWorks as follows.
[image: ]
[bookmark: _Toc32181818]Figure 1 Measuring gudgeon pin
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[bookmark: _Toc32181819]Figure 2 Measuring gudgeon pin
[image: ]
[bookmark: _Toc32181820]Figure 3 Gudgeon pin SOLIDWORKS representation
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[bookmark: _Toc32181821]Figure 4 Section view
[bookmark: _Toc32185684]UNDERSTANDING THE SENARIOS AND STRESS CALCULATION
Before starting any calculation, it’s important explaining which stresses the gudgeon pin is subject of. 
[image: ]
[bookmark: _Toc32181822]Figure 5 Piston, pin and connection rod assembly
FIRING
During the firing phase, the cylinder pressure reaches its maximum, thus also the gas force reaches its peak hitting the piston crown, the force is transmitted to the pin by the piston pin bore faces, causing the sides of the pin bending downwards.
It’s important to mention that the gas force is “reduced” by the Inertia force of the piston assembly going in opposite direction thus the actual force acting is a Net force:

TDC EXHAUST
At TDC exhaust, which represents the last fraction of degree before the start of a new cycle, opposite scenario happens as the inertia force of the piston “wins” on the gas force thus the net force bends the pin upwards.

The maximum Fnet (exhaust) force occurs at 360° of crank angle, when piston is at TDC.



[bookmark: _Toc32185685]STRESSES CALCULATION
 TENSILE CASE
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[bookmark: _Toc32181823]Figure 6 Tensile case diagram

COMPRESSIVE CASE
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[bookmark: _Toc32181824]Figure 7 Compressive case diagram





[bookmark: _Toc32185686] STRESSES PRINCIPLES FOR THE CALCULATION
TENSILE CASE (Firing):
Called tensile as the top surface goes in tension while bottom one goes in compression

Where:
M(a): resultant moment from point “a” [N*mm] or [N*m]
Fnet/2: half of the net force (pointing downwards). [N]
L1: distance from Fnet/2 to point “a”. [mm] or [m]

R.g: gudgeon pin inertia force. [N]
L2: distance from gudgeon pin inertia force to point “a”. [mm] or [m]

  [N/mm^2]
SHEAR STRESS:
  [N/mm^2]
Where:
: Shear stress acting on the gudgeon pin [N/mm^2]
A: cross section area of the pin [mm^2]
COMBINED STRESS:
[N/mm^2]
COMPRESSIVE CASE (TDC EXHAUST)
Differences:
Bending moment is negative as both forces goes anticlockwise, also the moment put the fibres of “a” in compression, compression stress is always considered negative.
 [N/mm^2]
The same formulas were applied to calculate the stresses.
FATIGUE:
 [N/mm^2]
 [N/mm^2]
ENDURANCE LIMIT
Endurance limit represents the maximum stress that a material can experience to have an infinite life, (infinite number of cycles) without having any failures due to fatigue. (Caligaris, 2013).
Endurance limit can be estimated when material properties are not provided, usually for materials with Ultimate tensile strength bellow 14000 Mpa, endurance limit is:
 (Autodesk, 2017)
0.45 was used for all the calculations.

[bookmark: _Ref31636870][bookmark: _Toc32181825]Figure 8 Gudgeon pin inertia force
Figure 8 represents the gudgeon pin inertia force, analysing the graph is visible that the maximum force is reached at firing and TDC exhaust where piston acceleration is maximum.




[bookmark: _Toc32185687]RESULTS
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[bookmark: _Toc32181826]Figure 9 Gudgeon pin Goodman diagram 



[bookmark: _Toc32185688]ANALYSIS
The Goodman diagram and the safety factor help to understand how close is the component analysed to a possible failure on its application, in this case the gudgeon pin designed by Ford is safe, however using Excel it was possible to simulate a RACING which has higher gas forces leading to a higher bending stresses causing a decrease of the safety factor. In this situation a correct solution could be to keep the same design and changing material with higher UTS or keeping the same material modifying the design.
[image: ]
[bookmark: _Toc32181827]Figure 10 Racing engine new fatigue results
For example, increasing the external diameter of 1mm and decreasing the inside diameter of 0.5 mm, increasing then the cross-section area the same Ford safety factor can be achieved for an eventual racing engine.
[image: ]
[bookmark: _Toc32181828]Figure 11 Modified gudgeon pin area new safety factor
 

[bookmark: _Toc32185689]STRESSES IN THE CONROD 
Maximum net compressive and tensile forces compress and stretch the conrod periodically during firing phase and exhaust phase determining periodical stresses on the conrod. Having the rod different resisting sections, it’s necessary to analyse the rod in four specific sections, where not only the shape is different but the forces action changes due to the increase of inertia “going down” thru the rod.
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[bookmark: _Toc32181829]Figure 12 Sections location



[bookmark: _Toc32185690]SECTION A* AND SECTION A
Section A* represents the smallest section where “Hoop stress”, the rod experiences tensile load at TDC exhaust.
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[bookmark: _Toc32181830]Figure 13 1.6 Ford small end section view
[image: ]
[bookmark: _Toc32181831]Figure 14 Hoop stress at section A* 

[bookmark: _Toc32185691]  SECTION A 
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[bookmark: _Ref32162825][bookmark: _Toc32181832]Figure 15 Red mass
MASS CONSIDERED FOR CALCULATING INERTIA FORCE:
Piston assembly, gudgeon pin plus the red mass (30.27 g) (Figure 15)
AREA CONSIDERED:
The “I beam” cross section are was used for the calculation
[image: ]
[bookmark: _Toc32181833]Figure 16 Area considered at SECTION A



[bookmark: _Toc32185692]STRESS CONCEENTRATION FACTOR INVAESTIGATION
 An analysis was done on the conrod change of shape, taking in account the stress concentration factor due to a radius as follows.
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[bookmark: _Toc32181834]Figure 17 Radius analysis 
 mm
 mm
 mm
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[bookmark: _Toc32181835]Figure 18 Stress concentration factor of a rectangular bar in tension
1.3

RESULTS
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[bookmark: _Toc32181836]Figure 19 Section A results
[bookmark: _Toc32185693]GOODMAN DIAGRAM
[image: ]
[bookmark: _Toc32181837]Figure 20 Section A
[bookmark: _Toc32185694]SECTION “B”
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[bookmark: _Toc32181838]Figure 21 Area considered at B
MASS CONSIDERED FOR CALCULATING INERTIA FORCE
= 438. 6 g
TDC EXHAUST 
 [N/mm^2]
 [N/mm^2]
It was tried to determine a stress concentration value for this section, however the big radius spread in a relatively long length it wasn’t possible to calculate it accurately, it was then estimated  a  K1.5  and see what FSF corresponded to it.






RESULTS
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[bookmark: _Toc32181839]Figure 22 Section B


[bookmark: _Toc32185695]SECTION “C”
[image: ]

MASS CONSIDERED FOR CALCULATING INERTIA FORCE:

Where:
Mrot= 2/3 of the rod mass
M recip= 1/3 of rod mass, piston and gudgeon pin mass.
Analysing the conrod cap shape is visible that, it goes from a flat face to curved shape thru a radius, which is stress concentration zone.
Radius was measured and Kt was calculated as follows:
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[bookmark: _Toc32181840]Figure 23 Measuring radius at cap

[image: ]
(Peterson, 1951)
RESULTS
[image: ]
 The minimum stress was set at “zero” as the cap does not experience any compression as any compression is placed on the opposite side of the crank pin.
[image: ]
[bookmark: _Toc32181841]Figure 24 Section C Goodman diagram

[bookmark: _Toc32185696]ANALYSIS
Analysing the results obtained is visible that Ford used higher safety factor at section A and B.  Point C is the less stressed as it does not experience any compressive loads and at this section the safety factor is the smallest too.
Interesting to see that even if each section has different value of safety factor, they are all on close to 2 and 2.5. The safety factor results guarantee a safe and long life of the rod which is what a designer try to achieve when it comes to design a production engine. Imaging to use the same conrod for racing engine (higher gas pressure, and higher RPM) it would be necessary to modify the design or researching a material that suits better the application, maintaining then the same final safety factor.

[bookmark: _Toc32185697]CONROD BOLTS
[bookmark: _Toc32185698]BOLT STIFFNESS AND CAP STIFFNESS

[image: ]
[bookmark: _Toc32181842]Figure 25 Conrod cap
CAP AND BOLT ASSEMBLY
Tightening conrod bolts determines a stretch in the bolt and the compression of the cap against the rod. Analysing the assembly as a static scenario, the cap force pointing downward and the bolt force pointing up are exactly the same. When the engine is working there is an extra downward force due to the inertia force acting on the cap thus the bolt has an extra force.

The extra force in bolt is defined as:
 [N]
F: extra force in bolt
Fi: total inertia force
As the cap and the bolt are assembled together, they share the extra force, the stretch in the bolt has to be equal to the compression length up in the cap.
So mathematically
         
Ebolt: 210*10^3 [N/mm^2] Steel 
Ecap: 170*10^3 [N/mm^2] Powder forged steel 
Acap: 139.62 mm^2
=

 M8 METRIC FINE BOLT SPECIFICATIONS
[image: ]
[bookmark: _Toc32181843]Figure 26 M8 x 1 fine thread 
[image: ]
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[bookmark: _Toc32181844]Figure 27 Thread selection, Bosh Automotive Handbook page 382
[image: ]
[bookmark: _Toc32181845]Figure 28 Figure 12Thread selection (Caligaris, 2013)
Dn= nominal diameter=8 mm
d3=bolt minor diameter=6.773 (Bosch, 2014)
Radius at the thread: 0.14434*Pitch=0.14434mm (Caligaris, 2012)
In order to determine the best estimation of the working area, an average diameter, which is the effective diameter, has to be calculated as follows:
==7.3865 mm

Effective working area=42.85 mm^2
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[bookmark: _Toc32181846]Figure 29 Area of the cap from CAD MODEL
[bookmark: _Toc32185699]STIFFNESS OF THE STANDARD BOLT (Kb) FOR STETCH REGION UP TP ELASTIC LIMIT
An investigation with the aim to find the bolt material and the relative Young’s Module was done, however just the OEM number was found thus it was decided to use E=210*10^ N/mm^2  (Meerkamm, 2014) for the calculation of the bolt stiffness up to the elastic limit.
[image: ]
[bookmark: _Toc32181847]Figure 30 Conrod bolt
Using the relation:

Abolt: the previously calculated effective area was used.
Ebolt: 210*N/mm^2 
L: the length considered was from the flat head of the bolt up to the second engaged thread as in the picture below.
[image: ]
[bookmark: _Toc32181848]Figure 31 Measuring Length


[bookmark: _Toc32185700]MAXIMUM VALUE OF ALTERNATING LOAD
The aim of the bolts is to join conrod and conrod cap together around the crank pin, as the conrod is stressed differently at different engine phases also the bolts need to deal with different value of forces, in particular at TDC exhaust  the Inertia force is maximum stretching the rod up, as the cap is clamped on the other side of the pin the inertia force tries to unjoin the assembly, stretching the bolts. 
Using the following relation, it was possible to determine the trend and the maximum Inertia load acting on the conrod cap @6000 RPM.


[bookmark: _Toc32181849]Figure 32 Inertia force on the cap trend
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Figure 33 Figure 33 Inertia Force diagram (Maier, 2008)
The maximum value of the inertia force occurs at TDC with a total value of 9263 Newtons thus:


==680097.40 N/mm^2



[bookmark: _Toc32185701]EXTRA NOMINAL STRESS IN THE BOLT
Knowing the value of the extra force in the bolt, the extra stress at the root of the thread can be calculated as:
d3=d at root=6.773 (Caligaris, 2013)

This means that every time the piston reaches TDC exhaust the bolt experiences an extra stress of 35 MPa.
[bookmark: _Toc32185702]REQUIRED BOLT TIGHTENING TORQUE
A bolt to be tighten must twisted, thus it’s subject not only to axial stress (tensile), but it has to deal also with a torsional stress due to the friction with the female thread.
For a typical thread tighten to 90% of Yield, 60% is axial stress and the remaining 40% is torsional stress.
Yield tightening is just one of several techniques used to tighten a bolt, the most common ones are:
-Bolt stretch method
- Angle controlled tightening 
-heat tightening
Each of the technique helps to guarantee the best tighten for the application used. 
For conrod bolts the most common one is the “Bolt stretch” one, because it allows to tighten  each bolt with the same clamping force even if the conrod threads are lubricated differently or the bolt threads have a slightly different surface state of wear.
[image: ]
[bookmark: _Toc32181851]Figure 34 ARP rob bolt stretch gauge (Automotive Racing Products, 2010)
Clamping force can be calculated from:
 [N]

[image: ]
[bookmark: _Toc32181852]Figure 35 Bolt subject of axial stress and torsional stress
Using the following equation, the axial stress of a bolt tightens at 90% of Yields is calculated



The clamping force just calculated is purely theoretical because does not take in account the friction in between male and female thread. A research on threads friction coefficients was done to find the appropriated data for the study.
[image: ]
[bookmark: _Toc32181853]Figure 36 Friction coefficients between male-female thread (MARYLAND METRICS, 2011)
The friction range for the steel bolt analysed goes from 0.12 to 0.18, the medium value of 0.15 was used for the calculation.

Actual force considering friction:

Torque to overcome friction in the thread (T1) can be calculated by multiplying the average radius of the bolt by the force (Freal):
 (Caligaris, 2012)

T1 is just one part of the torque needed, as it necessary to consider also the friction between bolt face and conrod cap face.
BOLT HEAD FRICTION
In order to determine a suitable head friction coefficient a research was done, and it was managed to find some experiment data from a Swedish company producing bolts and screes called Arvid Nilsson.
Bolt head friction coefficient range value:
(Arvid Nilsson, 2013)
The average value of the range was used:


Using the same principles used previously and measuring the bolt head diameter, the second required torque was calculated as follows:
[image: ]
[bookmark: _Toc32181854]Figure 37 Measuring head bolt diameter



[bookmark: _Toc32185703]BOLT FATIGUE EVALUATION
Knowing the extra stress in the bolt due to the inertia force calculated previously, minimum stress, maximum and mean stress were calculated as follows:

σ min represents the initial stress when the bolt is tightened.



The geometrical shape of the bolt determines a considerable increase of the stresses toward the crests of the thread, a research on stress concentration factors was done to see how the stress changes depending on bolt thread and size.
[image: ]
[bookmark: _Toc32181855]Figure 38 Stress concentration on threads

[image: ]
[bookmark: _Toc32181856]Figure 39 Stress concentration factors on bolt’s threads (Budynas, 2014)


Imagining the bolt is completely smooth:
Polished endurance limit: 0.45*UTS=0.45*1100 N/mm^2
Final endurance limit due to thread:
 [N/mm^2]
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[bookmark: _Toc32181857]Figure 40 M8 metric bolt Goodman diagram
[bookmark: _Toc32185704]NEW BOLT DESIGN
When it comes to design a new conrod bolt for an existing conrod it’s necessary to guarantee the same clamping force determining correct stretch and will also determine the correct assembly between conrod and crank pin.
It was decided to design an aftermarket bolt for the same rod, using a AMS 5844 alloy steel which has a UTS of 270 psi (1861.6 MPa) (Automotive Racing Products, 2011).

Knowing that the new bolt will deal with the same force of the standard one, the following UTS proportion was used to determine the new diameter:

Fs: force in the standard bolt
Fn: force in the new bolt



5.68 mm (at section 2)
The new small diameter allows to have a bolt with a thinner shank, which allows to reduce bolt stiffness and decreasing the extra force and stress in the bolt
[bookmark: _Toc32185705]NEW BOLT STIFFNESS
The new bolt has a variable section thus different, stiffnesses, the length of each section was estimated looking at a real ARP bolt and the AMS 5844 alloy steel Young’s modulus E was researched (233*10^3 N/mm^2) (Ugitech, 2010) the overall stiffness of the mew bolt was then calculated.
[image: ]
[bookmark: _Toc32181858]Figure 41 New bolt diagram 
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[bookmark: _Toc32181859]Figure 42 New bolt specs

The overall new bolt stiffness was calculated by:
 [N/mm]
It’s the overall bolt stiffness dropped and as expected, thus a bolt with variable section behave obeying the same rule as springs in series.
The new  increased, and the new extra force in the bolt decreased significantly and also the extra stress.

[image: ]
[bookmark: _Toc32181860]Figure 43 New ratio and extra force in bolt at TDC
In order to have realistic and correct results at section 1 the same thread specification was used for the calculation.
[bookmark: _Toc32185706]FATIGUE EVALUATION
The same principles were used to carry out a fatigue evaluation on the new bolt
[image: ]
[bookmark: _Toc32181861]Figure 44 New bolt and old stock fatigue evaluation
As visible from Error! Reference source not found. the new bolt design made using AMS 5844 alloy steel and with the thinner shank has a much better fatigue behaviour.
Analysing more deeply, the decrease of the extra stress determined drop of the actual range, the material choice also raised the endurance limit and the allowable range consequently, the new bolt would be put the engine in a safer region a the safety factor is now increased up to 4.2.
Further analysis was done, simulating a racing engine which rotates at higher RPM (7500 RPM, 1500 RPM higher than the stock one. Higher engine speed leads to a bigger inertia force, the new bolt was tested, and a fatigue evaluation was done again.
[image: ]
[bookmark: _Ref32065193][bookmark: _Toc32181862]Figure 45 New, OEM and new bolt on racing engine.
Figure 45 shows a summary of the results obtained, the use of the new bolt on the racing engine determined a decrease of the safety factor as expected, however the material choses the stiffness and the new design has a safety factor of 3.9 which is still higher than the Ford OEM bolt and can guarantee a safe working for the RACING ENGINE.
[bookmark: _Toc32185707]NEW BOLD DESIGN SOLIDWOKS 3D MODEL AND 2D TECHNICAL DRAWING
[image: ]
[bookmark: _Toc32181863]Figure 46 3D

[image: ]
[bookmark: _Toc32181864]Figure 47 Final design
Few design changes were done on the bolt, radius at fillets were increased to reduce any possible stress concentration and an arrangement for positioning a stretch gauge was created, also the octagonal head allows high torque clamp avoiding any possible damages. (Figure 48) 
[image: ]
[bookmark: _Ref32067050][bookmark: _Toc32181865]Figure 48 New bolt design
[bookmark: _Toc32185708]CRANKSHAFT
[bookmark: _Toc32185709]SINGLE SPAM ANALYSIS
During the firing and exhaust phases compressive and tensile loads respectively acting in the conrod (F.net) are transmitted to the crankshaft, each crank pin is located between two bearings which share the total force (F.net) equally.
In order to analyse the component as accurate as possible the Ford 1.6 Eco boost crankshaft was measured acquiring all the information for the calculation.
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[bookmark: _Toc32181866]Figure 49 Crankshaft data




[image: ]
[bookmark: _Toc32181867]Figure 50 Measuring crank pin diameter and main journal diameter
The following picture represents a single spam from the whole crankshaft, section A-B is the weakest point thus the crank will bend at that point, using basic Bending principles the following calculation were done.
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[bookmark: _Toc32181869]Figure 51 Ford 1.6 Eco boost single spam
[bookmark: _Toc32185710]BENDING AT FIRING
The net force and the moments at point A and B during firing were calculated by the following equations:


 [N*m]
 [N*m]
Analysing the diagram is visible that LB is longer than LA, thus the bending moment at B is bigger, the two moments determine a “deformation” of the crankshaft, the fibres of the material at B goes in tension while A in compression.
[image: ]FNET
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[bookmark: _Toc32181870]Figure 52 Crankshaft deformation 
From bending moments, bending stresses were calculated as follows.
Crank pin bearing experiences shear stress too, the combined stress was done calculated:


The moment of area was calculated assuming crankshaft shoulder as a rectangular beam with width equivalent to the average crankpin and main bearing diameters and length (A-B).

 or  [N*mm^2]

COMBINED STRESS
[N/mm^2]
σ Max represent the maximum tensile stress experienced by the crank during the firing phase, the minimum stress occurs at TDC exhaust phase and can be calculated by the following ratio of Fnet.

 [N/mm^2] (compression)

[bookmark: _Toc32185711]STRESS CONCENTRATION AND FATIGUE 
Looking to the main journals, an undercut is visible, the undercut is created by the fillet rolling process which is a manufacturing technique used to eliminate any nasty edges on the crankshaft, the undercut is made using the rolling load which creates the undercut radius (Gül, 2017).
 [image: ][image: ]
[bookmark: _Toc32181871]Figure 53 Undercut radius (Gül, 2017)
Any radius is a stress concentration region, using fillet gauges the radius was measured (1.5mm) and the stress concentration factor was calculated by with the following graph and the Final endurance limit was then calculated.
[image: ]
[bookmark: _Toc32181872]Figure 54Measuring undercut radius with 2mm fillet gauge
[image: ]
[bookmark: _Toc32181873]Figure 55 Measuring undercut radius with 1.5 mm fillet gauge
[image: ]
[bookmark: _Toc32181874]Figure 56 Stress concentration Kt graph (Peterson, 1951)
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[bookmark: _Toc32185712]FORCES DATA, RESULTS AND GOODMAN DIAGRAM
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[bookmark: _Toc32181875]Figure 57 Forces at firing and TDC exhaust
[image: ]
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[bookmark: _Toc32181876]Figure 58 Crankshaft Goodman diagram.
[bookmark: _Toc32185713]CONCLUSIONS
With the data acquired it was possible to get all the information needed to understand how Ford has engineered the engine components, by measuring by hand each component it was possible to understand more clearly the design feature of crankshaft, rod and pin. The Excel model created was useful to try and understand what the effects of a change in the design on the safety factor are results.
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Table 7: Metric standard thread
Designation example: M8 (nominal thread diameter 8 mm).
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Table 8: Metric fine thread
Designation example: M8 x 1 (nominal thread diameter 8 mm and pitch 1 mm).

Nominal Pitch Pitch Minor Thread depth Stress area
thread dia. dia.
dia.
d=D £ d>=D; ds Dy hg H, As in mm2
8 1 7.350 6 (13 6.917 0.613 0.541 39.2
10 125 9.188 8.466 8.647 0.767 0.677 61.2
10 1 9.350 8.773 8.917 0.613 0.541 64.5
12 1.5 11.026 10.160 10.376 0.920 0.812 88.1
12 Ty 11.188 10.466 10.647 0.767 0.677 92.1
16 15 15.026 14.160 14.376 0.920 0.812 167
18 15 17.026 16.160 16.376 0.920 0.812 | 216
20 2 18.701 17.546 17.835 1.227 1.083 | 258
20 1.5 19.026 18.160 18.376 0.920 0812 | 272
2 15 21.026 20.160 20.376 0.920 0.812 | 333
2 22.701 21.546 21.835 1.227 1.083 | 384
22‘: . ﬂﬂB2'376 0.920 0812 | 401
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Table 2: Friction coefficients p,_, .

for steel screws/nuts*

Surface condition Mot fOr condition
Male thread (screw) Internal thread (nut/component) non-lubricated oiled Moszplubricated
without coating (black) without coating 0.12-0.18 0.10-0.17 0.06 - 0.12
Mn-phosphated 0.14-0.18 0.14-0.15 0.06 - 0.11
Zn-phosphated 0.14-0.21 0.14-0.17 0.06 -0.12
zinc plated 0.12-0.20 0.10-0.18 Attention! The friction
coefficient can
cadmium plated 0.08 -0.14 0.08 -0.11 considerably differ
. . _ _ depending on the type/
zinc plated zinc plated 0.12-0.20 0.10-0.18 extent of the lubricaton!
cadmium plated cadmium plated 0.12-0.16 0.12-0.14 Protection with screw

connect test recommended!
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