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Abstract

Dual purpose transport/storage casks for radioactiaterials use either a welded or bolted closure
system: the latter being easier for the retrie¥éhe content.

For the bolted design, the preload of closure bislta key parameter in ensuring a high level of
containment integrity. The most practical methodctmtrol the preload is based on setting the
tightening torque. The specified torque is usualtyained with a calibrated torque wrench. Torque
wrenches are easy to calibrate in the controlledsaof the loading and unloading facilities.

The value of the global friction coefficient is nkeel to define the torque required for the adequate
preload in the closure bolts. The dispersion offtltion coefficient value has a direct impacttbe
dispersion of the preload to be considered in #fetg analysis.

The friction coefficient value can be affected leveral variables: the type and the nature of the
lubricant, the bolts, nut and washer materials etigaged length, the torque level... Even for a given
configuration (same lubricant and materials), ther@ natural dispersion of the friction coeffidien

This paper describes how the dispersion of théidnccoefficient can be evaluated by tests. Several
sets of bolts (screws)/washers/threaded base @ilaéee needed to evaluate the dispersion for each
fastening configuration. After each tightening/ghtening, the assembly is degreased and regreased.
The first 5 tightenings are the most significanepBnding on the torque level, during the 5 first
tightenings there is a wearing effect of the swfat contact (bearing area and threads) and an
associated decrease in the friction coefficient.

Robust closure system design can be achieved hycireg the uncertainty on the preload by
gualification tests of the friction coefficient



Introduction

Most dual purpose transport/storage casks for aative materials use a bolted closure system. This
solution for the cask closure offers a robust sotufor the retrieval of the content. It is routiye
used for transport casks such as those in the &&t fh France used for shipping used fuel to
reprocessing. For such a design, the preloadostict bolts is a key safety parameter. Integrity of
the containment is directly linked to the prelo&dhe closure bolts considered in the safety amalys

The most practical method to control the preloatdased on the setting of the tightening torque.
Torque-controlled tightening is the most widespreagthod due to its cost-effective tools and easy
handling. This method uses tools that measureditygi¢ transferred to the fastener and then either
gives a signal or turns off when the desired tongueached. The torque wrenches are wide spread
and robust tools. They are easy to use in the albedrareas of the loading and unloading facilities
Affordable on-site calibration is possible.

A limited part of the applied torque is transferriedthe fastener. A significant part of the torque
applied is lost due to the friction in the beararga and the threads (Figure 1).
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Figure 1 Tightening torque used for the preload

To define the tightening torque necessary for ttegaate preload in the closure bolts the value of
the global friction coefficient is needed. The @ispon of the friction coefficient value has a dtre
impact on the dispersion of the preload.

The minimum and maximum preload is a function ef fibllowing parameter:
. FOmin=F0(Cmin, umax)
. FOmaFFO(Cmax, umin)



with :

Fomin= minimum preload generated by the tightening tergpplied on the bolt
Fomax= maximum preload generated by the tightening @rm@pplied on the bolt
Cmin= Mimimum tightening torque : = Chom.(1-AC)

Cmax= Maximum tightening torque : &= Chom.(1+AC)

Cnom= setting of the torque wrench

AC = accuracy of the torque wrench

umin = minimum friction coefficient

umax= maximum friction coefficient

The friction coefficient value can be affected leyeral variables: the type of lubricant, the botig,
and washer materials, the engaged thread lengthtptue level... Even for a given configuration
(same lubricant and materials) there is a natusgledsion of the friction coefficient.

The variation of the friction coefficient was evaled by tests in accordance with ISO 16047.
Several sets of bolts (screws)/washers/threadesl haterial are needed to evalute the dispersion of

the friction coefficient.

Testing Equipement

The type of test bench (Figure 2) used for the omeasent applies a tightening torque to the bolt

head automatically. It was fitted with a calibratedasuring device of the angle, the torque, and the
load with an accuracy of +/-2% of the measured rmpatars (Figure 3). The accuracy on the angle
was also +/- 2° or +/-2 % if the angle is greabamt 360°. The measuring device met the ISO 16047
requirements. The number of turns per minutes watsH turns/min. The parameters were recorded
throughout the test duration.
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Figure 2 Test Bench Figure 3 Test Principies



Tests

The global friction coefficienf,, was computed according to the formula given inlf§@ 16047
standard.

r P
F 2=
ot 05774, +0,5D,, D, =Lexdn
2
d2 Basic pitch diameter of thread
Do External diameter of washer or bearing part (hominal value)
dn Clearance hole diameter of washer or bearing part (nominal value)
Db Diameter of bearing surface under nut or bolt head for friction (theoretical or measured)
F Clamp force
P Pitch of the thread
T Tightening torque

A large number of bolts were tested to properlyl@ate the dispersion of the friction coefficient.
Each bolt was submitted to tightening and untigimgcycles. After each untightening the body was
cleaned and again greased before starting a nde. dyte grease used was the same as the one used
during cask operations. The tests were done at teomperature. The bearing area and the threads
were greased (Figure 4).

After 5 cycles (end of the wearing effect) the ditsirof tested bolts was reduced to limit the numbe
of tests and time needed. As a result, for thissgéphase, the following were tested with up to 13
additional tightening and untightening cycles:

» 2 bolts corresponding to the maximum friction cmédint after 5 cycles

* 2 bolts corresponding to the minimum friction comént after 5 cycles

» 1 bolt corresponding to the average friction cogdfit after 5 cycles



Grease on the entire surface of the bearing arga

Grease on all the threads

Figure 4 Greased zones

Test configurations

Three test configurations corresponding to a givsircask closure system are presented below.

Test Configuration
Bolt dimensions M42 M42 M14
Bolt material Carbon steel Carbon steel Carbon steel
Bolt coating Electroplated Zinc Electroplated Zinc Electroplated Zinc
Washer material Martensitic stainless | Martensitic stainless | Martensitic stainless
steel steel steel
Thread material Carbon steel Carbon steel Carbon steel
Maximum nominal | 2000 N.m 1500 N.m 90 N.m
torque
Greased Yes Yes Yes

Test Results

For the M42 bolts in carbon steel threads withrgue of 2000 N.m (Figure 5), the measurements
show that the maximum value is 16% above the aeevatpe for the first 5 tightening cycles and
the minimum value is 15% below the average. Th& Br cycles are the most scattered. They are
conservative regarding the dispersion of the fiicttoefficient during further cycles. The maximum
value is reduced over the next tightening cyclesfouthe mimimum value there is no significant
change. The dispersion of the tension is reducatirgg from the fifth cycle.
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Figure 5 Preload variation for M42 bolt in carbon steel - 2000 N.m Torque
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Figure 6 Preload variations for M42 bolt in carbon steel - 1500 N.m Torque

For the M42 bolts with carbon steel threads wittorgue of 1500 N.m (Figure 6) the maximum
value is 13% above the average value for the Sitgghtening cycles and the minimum value is 18%
below the average. The first 5 tightenings are dlso most scattered. They give an adequate
evaluation of the variation. It can also be notitleat during the first tightening there is a wegrin
effect which results in a small increase of thdqae for this configuration.



In the case of M42 bolts the friction coefficienexmum value with a tightening torque of 2000
N.m in carbon steel is 25% above the average \@ltige first 5 tightening cycles and the minimum
value is 17% below the average (Figure 7).

For M42 bolts with a reduced tightening torque 50Q N.m in carbon steel the maximum value is
24% above the average value of the first 5 tigngmycles and the minimum value is 14% below
the average (Figure 8).

The comparison of the friction coefficient for ghtening torque of 2000 N.m to a tightening torque
of 1500 N.m shows that they are quite the sameu(Eig). On the basis of these results, it can be
considered that the torque value for this speé#stening configuration impacts neither the frintio
coefficient nor the related dispersion.
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Figure 7 Friction coefficient - M42 bolts in carbon steel - 2000 N.m Torque
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Figure 8 Friction coefficient - M42 bolts in carbon steel - 1500 N.m Torque
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Figure 9 Friction coefficient - M42 bolts

110%
120%
100%
80%
60%
40%
20%
0%

Friction coefficient
M14 - C.Steel - 90 N.m

Number of tightenings

N\
{\ ~— _\.— -~ — e = == =
-~ R B R -
= = Max
= = Min
wearing Average
T T 1
0 5 10 15

Figure 10 Friction coefficient for M14 in carbon steel - 90 N.m Torque

For the M14 bolts with a tightening torque of 9QrNthe friction coefficient value also decreases
with the first tightening cycle. The coefficient rimum value is 16% above the average value of the
first 5 tightening cycles and the minimum valuel&% below the average (Figure 10). There is a
wearing effect similar to that of the M42 bolts.eTaverage friction for M14 is 22% higher than that

for M42.

Based on these measurements, if the same frictefiident is to be considered for the M14 and
M42 bolt analysis, a variation of the friction cheknt of at least +/- 27.5 % must be taken into

account to bound all possible configurations.




Conclusions

During the very first tightening, there is a sigraint wearing effect due to the friction of thefaaes

in contact. The degree of this wearing effect depemn the torque level, the nature of the lubricant
and the nature of the materials in contact. Fosegbent tightening sequences, this wearing effect
has no consequence on the dispersion of the fiataefficient as it is no longer visible after 5
cycles and the dispersion decreases.

Hence, for testing the friction coefficient of asgn configuration 5 tightening cycles are suffitias
they are the most scattered with regard to thesdsspn of the friction coefficient.

As for the test results, a robust bolted closurgtesy should take into consideration a variation
greater than +/-27.5% of the friction coefficieRurther reduction of the variation on the preload c
be achieved by testing the friction coefficient fach specific configuration and by taking into
account the wearing of the bolts
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