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THE ITAD HANDPUMF PROJECT

This project is being carried out at the instigation of the Netherlands
Minister for Development Cooperation and has for its main goal: To provide a
aubstantial contribution to the improvement of the {(communal) drinking-water
supply and small scale irrigation, notably in Third World countries.
In this stage the project concentrates on the improvement of deepwell
handpumps, in view of: — relisbility and easier maintenance,

— more profitable and simpler management.

Furthermore the project will support any activities:

— stimulating management of the water supply by its users,

- leading to the production of the required pump parts in the Third World.
It is thereby in line with similar projects that have been carried out in
recent yvears under the auspices of the World Bank.

First and foremost the project concentrates on measuring and analyzing the
dynamic behaviour and the stresses in the vital parts of the deepwell pump,
especially in the rising main. Physical models will be developed to support
the analyses. The experiences are integrated into recommandations and design
rules for handpumps which will be published at regular intervals and be put
for discussion. The project results are public domain.

At the instigation of the Office for Research and Technology from the Ministry
of Foreign Affairs, the project partners have joined research on deepwell
handpumps in the IAD Handpump Project. The partners and their contribution to
the second project phase:

—~ DHV works out project publications (’laiting’), advices by the formulation
of the project and design rules.

— TIAD coordination, realization of data acquisition hard- and software,
execution of measuring program and has final responsibility.

- JV  manufacturer and supplier of the Volanta pump, analyzing of measuring
results,

— SWNV manufacturer and supplier of the SWN8l1 puwp, makes available part of
their infrastructure on their site in Nunspeet, assists in the erection
and conversion of the test—unit.

-~ TUE advices on the planning and execution of the program, analyses the
results, physical modelling of the dynamic behaviour of the pump,
fatigue analysis.

The partners cooperate by the formulation of advices and design rules and the

realisation of related publications.

For carrying out the measuring program a test-unit has been arranged on the
the SWNV-site, consisting of an enclosed boring having a depth of 100 metres,
in which the water level can be varied as required and data acquisition hard-
and software to enable the different variables on the handpumps to be
measured. This infrastructure is owned by the Ministry.

Test—-side situated at: SWNV, Industrieweg 47, 8071 CS Nunspeet
Telephone: 03412-54046, extension 51.

Any new orders will be welcomed by the team. For additional information,
please contact the Project Coordinator: Jos Besselink

Onderlangs 125

6812 CJ Arnhem, The Netherlands.
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1 INTRODUCTION

During the ten year water decade, declared by the UN, which
will finish in 1990, several types of handpumps were
introduced in third world countries for drinking water
supply.After some years it appeared that, although these
pumps seemed a simple piece of technology, many failures
occurred in the field, such as breaking of pumprods and
rising mains, corrosion etc. The butch government (Afdeling
Internationaal Onderwijs en Onderzoek, (DPO), Bureau
Onderzoek en Technologie (OT)) therefore funded the Inter
Action Design (IAD) handpumpproject,to investigate the
merites of handpumps.A well of 100 m.was made at SWNV at
Nunspeet, where the SWN 81 and the Volanta pump are tested.
The actual stresses in the pumprod and the rising main are
measured with strain gauges. This is done for a range of
depths; 20m, 40m, 60m, 80m.

The pumprods for both pumps are made of stainless

steel AISI 304 and the rising mains of PVC.

For this paper the fatique of stainless steel and

PVC was studied and criteria were derived, in the

form of design rules, for the conditions of the

handpumps. The available measured loads of the SWN 81 pump
are compared with these criteria.



2 NOMENCLATURE
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Stress

‘Range = § - § |
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time

Fig. 2.1: nomenclature [12] [14]

8, The alternating stress, equal to half the
stress range: ([Smax-smin]/z)

Snean ((Spax*Spinl/?)

Su Ultimate strength = Tensile strength

Sy Yield strength

S¢ Fatigue strength

= The maximum alternating stress which a
material will withstand without failure, for
a given number of cycles.

Fatigue limit
= The stress at wich the S-N curve becomes
horizontal (in air).

R Stress ratio (Smin/smax)

Stress range: Twice the S,

________ » normal S-N curve (in air)

§-N curve in corrosive medium

Fig. 2.2: Typical S-N curves



S=N curve:

Design fatigue

Ratio X:

Curve obtained under load or stress control
test condition with specimens. S is applied
alternating stress, usually S_, N is number
of cycles or life to failure Tfailure is
fracture).

Stress concentration factor:

(maximum local stress/nominal local stress]
-The nominal stress is usually based on the
net section

Fatigue strength reduction factor:

[plain fatigue stress/notched fatigue
strength]

-Plain fatigue stress = the fatigue strength
of a specimen with no stress concentration
-Notched fatigue strength = fatigue strength
with stress concentration

Notch sensivity factor:

([Ke=1]/[K -1])
The value Bf q is always between 0 and 1

stress:

The admissible stress used to design the part
such that it is able to withstand fatigue
loading

[depth of flaw(notch or root depth)/wall
thickness]



3 THEORETICAYT, BACKGROUND

In cases that structures are loaded with a cyclic load i.e.
alternating load/unload for over two hunderd thousand cycles,
fatigue has to be considered.

Fatigue is the effect that a material (mostly metal) fails
under a considerable lower stress level when it is "fatigue"
loaded than when it is under a continues static load.

For example, the reduced fatigue strength of mild steel is
roughly 50% of the static strength.( in air )

There are several factors which determine the fatigue
strength, of which the material itself is the most important
one. The height of the stress variations in relation to the
total number of cycles is the most determining relation.

PVC knows in addition to steel a static fatique, which means
that the static strength decreases also when the temperature
raises or just after an elapse of time.( just by its own
weight )

For polymeres such as PVC also the manufacturing procedure
and the moleculair weight as wel as additions are of
influence on the fatigue properties.

Notches influence to a large extend the fatigue limit of
materials, a smooth surface without notches gives the
highest resistance against fatigue.

Because of the different nature of steel and PVC, the fatigue
characteristics will be described separately.

For the designer, the main tool to calculate the fatigue
life are the S - N curves. S is the applied stress ( S = Sa
= the amplitude of the alternating stress ) and N is the
number of cycles to failure ( fracture ). In most cases
constant amplitude S - N curves are plotted on semi- log

paper.



4 STAINL.ESS STEEL

4.1 INTRODUCTION

There are several factors that influence the S-N curves, such
as:

- the steel properties, due to chemical composition and
treatment, annealed or cold worked.

- type of loading

- stress raisers ( notches )

- corrosive conditions

Temperature influence is relatively small and not of
importance for handpumps in most cases.
In the next chapters these factors are discussed.



4.2 STAINLESS STEEL PROPERTIES.

Stainless steel AISI 304 is an austenitic stainless steel
(strength increases at low temperatures) and can be delivered
as drawn wire. (up to 1/2"diam.)The strength capacities of the
stainless steel are higly dependent on the percentage of cold
working* of the metal.If it is not cold worked, i.e. annealed
steel, the strength is a factor 3.5 lower than when it is
100% cold worked (100% cold deformed)

Therefore it is advised to use cold drawn

rods supplied with thread ends manufactured by means of a
cold rolling method, which also decreases the notch

sensivity (for fatigue) If the percentage of cold working

is not known it is advised to take the annealed
characteristics to stay on the safe side.

Chemical composition Stainless
Steel AISI
304
18.5 Cr
8.82 Ni

Static strength

Tensile strength N/mm2 annealed ‘ 580

cold worked 60% 1140
yield stress N/mm2 annealed 289
cold worked 60% 1050
Fat imit , Rotating Bending *
fatigue stress * N/mm2 annealed 240
cold worked 35% 480
cold worked 98% 860
Fatique limit , Direct(axial) at 1078 cycles.
fatigue stress, annealed 230
Fatique limit . Torsion at 25.1076 cycles.
fatigue stress, cold worked 90% 190

* Tests under air temp., constant amplitude loading,
rotating bending, unnotched smooth specimen.for 2%1075
cycles

Table 4.1: Stainless Steel AISI 304 properties
lit. [1]

For detailed tables of strength properties see Appendix A.
*" Cold working means"; "cold" deformation of the material,
often expressed in percentage deformation.



4.3 TYPE OF LOADING

From measurements taken at the IAD pumptestrig, see chapter
7, it can be seen that the load during 1 cycle is more or
less sinusoidal. The stress levels variing from zero
(sometimes a small value below zero ) to a maximum. For the
measured values of the SWN 81 pump see appendix C.

The experiments done to determine the S - N curves may have
different type of loadings:

a) Direct (axial) D loading, often between zero and a
maximum level ( R = 0)

b) Rotating Bending RB loading, which gives a sinusoidal
load, with R = -1 ‘

¢) Torsion T, which determines the fatigue life dependent on
shear forces.

Rotating Bending gives only a slightly higher fatigue level
then Direct loading, while the first type of loading
resembles most the actual occurring load, see Appendix A.
Therefore the S - N curves of Rotating Bending will be taken
as criterion. From the actual measurements the max. and
minimum peaklevels (over 1 rotation) will be taken as
the actual stress range.
Whenever a load signal deviates from the sinesoidal form,
e.g. with ripples (peaks) added to the sine, then the maximum
and minimum occurring values of the load signal (over one
rotation) may be taken as stress range, as long as the ripple
values (top -~ trough value) remain in the order of 25~40 % of
the overall maximum. See [12].
When these values are surpassed, more sophisticated methods
should be used to calculate the fatigue load, such as the
Rainflow Counting Method (R.C.M.) method, see [14].

The effect of mean stress level,

The maximum mean,stress level during pumping with the SWN 81
is about 40 N/mm“ (see Appendix C)

This is very low compared to the tensile strength of
stainless steel AISI 304. Therefore the fatigue limit is
practically not influenced by the mean stress level. The
fatigue limit with a mean stress level of zero can further
be used as criterion.
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4.4 STRESS RAISERS ( NOTCHES )

Notches, such as grooves from thread, generally decrease the
fatigue strength. The measure is dependent of the material,
treatment and notch dimensions. The following parameters are
generally used; Kt,Kf, and q.

-~ Kt = stress concentration factor, which is a function of;

= notch depth 4 , for example see fig 4.2
— notch root radius r , when r decreases, Kt
increases, see table 4.2

- ang;g_of notch (in degrees)

- Kf = fatigue strength reduction factor, which is a

function of Kt and ¢q, in which

q = Kf ~1/ Kt -1 , the notch sensivity factor.

The notch sensivity factor is dependend on the material and
the treatment, for example:; for austenitic steels see fig 4.4.

and notch depth d

Fig. 4.2: Relation between K

1it. [2] t,crit

Kt crit = Kt at which cracks start to appear, K ..i: is
independent of the root radius. ’
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Steel/Thread |r [mm] | K, jangle [°]|depth ‘[mm] |lit.
347 8.06 2 9.5 2
347 1.44 4 9.5 2
20/10 Ann 0.254 2.6 60 0.6 2
18/8 0.05 14 55 5 3
19/18/5 1.00 2.4 60 3
" 0.3 3.2l 60 3
" Y 6.0 60 3
BSF thread 0.135 3.3l 55 6.35 4
UNJF thread [0.152 3.1 60 6.35 4
S. Steel 0.10 4.4 60 2
Rolled thread 2.0 4

Table 4.2: Kt as function of root radius

In fig 4.3, it can be seen that q is decreasing when r is
decreasing( opposite as for Kt.)

The following rules are advised for austenitic steel (
Stainless steel AISI 304)

For annealed stainless steel
q=0.3 for Kt < 4 (1
For cold worked (90)% stainless steel

*
q= 0.7 for Kt < 4 (2)
Kf =1+ gq(Kt - 1) , see fig.4.4 (3)

* The values found in literature vary very much (as becomes
clear when table 4.2 is compared with rule (1) and (3). )
The values of g are determined as averages of values found 1n

(1 and 2]
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. 2
condition  [s, (N/mm°]| S, [N/mm®] Ke |dg
Unnotched |[Notched

Annealed 571 241 290 0.8 0

Cold worked 911 482 344 | (1.4 pP.25
Notch: radius 0.254 mm

depth 0.835 mm

angle 60

Kt 2.6

Table 4.3: Influence of cold work on the notch
sensitivity of 20/10 CrNi steel,lit. [2]

Austenitic stainless steel is less notch sensitive than
almost any other metal. Table 4.3 shows that if the material
is initially cold worked, the notch sensivity is increased.
The annealed steel however shows a notched fatigue strength
higher than the unnotched value. This is caused by the
ability of this material to be strengthened by work hardening
( which occurs during notching )

..._._.'_..1 .

_..ﬁ.‘ ‘ S mmriw e w4 simem e s

Fig. 4.3: Relation between notch sensitivity and
notch radius for cold worked stainless
steel, 1lit [2]



Fig. 4.4: Kf as function of Kt and parameter g
for austenitic steel.

13



14
4.5 CORROSION FATIGUE

Corrosion of a metal results in formation of pits in the
metal surface. The formation of pits results in a
considerable loss in fatigue strength.

Stainless steel shows in a corrosive medium no obvious signs
of corrosion. However, when measurements are done, it is
found that the fatigue strength has been reduced.

This is caused by pits and later cracks, which arise by
electro-chemical attack. These pits and cracks are similar
to a non corrosive fatigue crack. The fatigque behaviour can
be explained by the stress raising effect of these corrosion
pits.

Tests carried out in corrosive environments show that the
effect of corrosion and therefore the corrosion fatigue
increases with the duration of the tests, it is a continues
proces. S - N curves obtained from these tests show much
less tendency to become horizontal and so it is not allowed
to speak of a fatigue limit, but from a fatigue strength for
a certain number of cycles. Also the testfrequency has proved
to be of influence on the measure of corrosion fatigue.
Therefore, when quoting corrosion fatigue strength, the
endurance, the corrosive medium and the testfrequence should
be mentioned.

It is usually not possible to make quantitative comparisons
of the results of different investigations. Only some
generalisations about the influence of corrosion should be
made. The most 1mportant conclusion from corr051on fatigue
investigations is that resistance to corrosion fatigue
depends primarily on the resistance to corrosion.

Fig 4.5 shows the results of a fatigue tests in air and fresh
water. The results for corrosion resistant steels with 5 % or
more Cr show a great resistance to corrosion fatigue.( in
comparison with mild steels)

The corrosion fatigue strength is approximately proportional
to the tensile strength, see figure 4.5. Table 4.4 shows for
stainless steels the fatigue strength for different corrosive
mediums. Tests in water with a lower pH of 6.5-7 were not
found in literature. Whith decreasing pH however the effect
of corrosion fatigue increases.

In West Africa of more then 70% of the wells the pH is
smaller then 6.5 ! See ([13].

If the pumprod is connected to piston parts of other metals
such as bronze, electro-galvanic corrosion will occur, which
will decrease the diameter of the pumprod until it breaks.
This effect should be avoided, see 1lit. [15].
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Pt, corr] 15

Mode of | Corr. medium| Steel |S N /S84 lit.
testing f,corr f

Torsion | Fresh water |18/8 CW 81.8 2.5.16” 0.43 |2 213

Bending | Fresh water | 304 AN| 204 2.0.@07 0.69 [2 212

" Fresh water }18/8 171 1.107 0.63 2 213

" Salt spray 18/8 1.107 0.75 |2 209

Direct Salt spray 18/8 1.10 0.70 2 209

Corr. med. S.Steel 1.10; 0.60 |5 203

Bending | See water 304 AN 103 1.107 6 84

" See water 304 AN 193 1.10 6 229

TABLE 4.4: Fatique strength of stainless steel in
corrosive media

For handpumps with a stainless steel pumprod, even in clear
fresh water, corrosion fatigue has to be taken into account.
Since the S - N curve is continuesly decreasing, the
punprods cannot be designed for infinite life time, but

for restricted lifetime, which is, due to rather large
variations in fatigue strength (found during experiments)
not so0 accurate. ‘

In fig 4.6 the S - N curves for cold worked and annealed
stainles steel in a corrosive medium are presented.

! i ‘ ; ; : :
i— - ! — g.—_{._-.......l....”—;—..—._._
H FE ; ! i

HE

L Down [ jodo_ijae

Fig. 4.5: The corrosive fatigue strength related to
the tensile strength (su), lit. [2]
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5 VINYL R

5.1 INTRODUCTION

PVC rising mains are used because of their resistance against
corrosion, even in acid media. In a considerable number of
wells the pH is lower than 6.5.

Most is known of uPVC (unplastified PVC). The PVC used for
the rising main of the SWN 81 handpump is "impact resistant
PVC", which is a PVC with rubbery additives, causing a higher
impact strength.Also hard PVC is found in literature.

In this paper the hard PVC plus the impact resistant PVC’s
will be indicated as "rigid PVC’sg"

Different samples of PVC may not have identical properties,
depending partly on the molecular weight, which is indicated
with a K value.

The data for uPVC below relate to suspension polymerised

poly (vinyl chloride) homopolymer, stabilised with tri-basic
lead sulphate,containing neither a filler nor an impact
modifier.

5.2 PVC PROPERTIES

RIGID PVC
Property UPVC hard PVC impact resist.
PVC
5, tensile [N/mmn”] 55 50-60 30
density 1.38-1.45 |[1.38-1.4 1.38
strain at fracture 15 60-70
compressive strength 80 45
bending strength 100-110 70-75
sharpy V 2-5 30-40
E modulus _ 3000 2400
Max. continues o
service temp. [ C] 60
Table 5.1: PVC properties, see [7[ [8] [11]

5.3 TYPE OF LOADING

The PVC rising mains have a load pattern which is more or
less sinusoidal with a minimum value for most time zero or
sligthly negative and a maximum value.

To examine dynamic fatigue behaviour of PVC, in most cases
square wave loading, or block load, is applied. The actual
load pattern of a handpump cycle is not a blockload but can
be considered as a blockload of which the maximum and minimum
values are taken from the sinesoidal load.
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5.4 STATIC FATIGUE

The strength is affected by time under load, temperature,
and material properties.

Strenght under continues load:

When considering the performance of UPVC subject to the
applied load it is necessary to know how yield stress and
related phenomena are affected by 1) time 2)temperature and
3) molecular weight

Thermoplastics typically show a decrease in strenght with
increase in either time under load or temperature, as can be
seen from fig. 5.1.

Failure in every case is ductile and takes place essentially
at yield.

Ductile behaviour is typical of uPVC at room temperature
where the material deforms and yields under the impact
loading, absorbing large amounts of energqgy.

Brittle behaviour is characterised by crack propagation at
low strains, absorbing small amounts of energy.

Unnotched specimens 4 K71
o K67
60 o e = K57
Wrx_\hxﬂ> s*c
50 =
T ﬁﬁ“‘hﬁ
\O.IAH 20°C Qo -
© . d4) & -l
0. A T -
T —
A% L 2k R
£ “ﬁ:& . — S TE=
-QHE&L_ -
20 Tt & T
E
=
% o 3l € 2
3 = T Yy E |2 R
& 0 1 i - ] {
10! 10? 103 10* 10¢ 10* 107 10! 10? 10"

Time to neck — seconds

Fig. 5.1: static fatique of uPVC, see [8]

Ductile strength criteria(Static Fatigue)

Smooth pipes Failure stress 22 N/mm2 at 40 degr.C after
‘ 1 year ,lit (8]
Design stress 12,5 N/mm2 at 40 degr.C
(50 years Safety factorg2)

Influence of notches

The static fatigue strengt does not decrease very much for
moderate severe notches ( Kt factor 4.2 and tip radius r =
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In that case the fracture stress is reduced significantly,
some 30% See ([8], figure 16).

5.5 DYNAMIC FATIGUE

The load frequency is of influence on the lifetime under
cyclic load. An increasing frequency reduces the lifetime.
The fatigue limit is however not frequency dependent. For
uPvVC the fatigue limit is about 16.5 N/mm2.

The recommended design stress (lifetime 50 years) for uPVC
under intermittend loads is 6 N/mm2. This is based on the
assumption that the component will fail by the propagation of
a crack from a pre-existing flaw.( such as a thread, or when
the pipes are glued.)

Only a few data are found in literature about dynamic
fatigue of rigid PVC. The available material indicates that
the fatigue strength for rigid PVC is about the same as for
uPvVC. For data about fatigue strength properties of PVC see
Appendix B.

Brittle strength criteria of smooth PVC (Dynamic Fatigue)
Configuration uPvC +_rigid PVC
S¢ [N/mm®)
smooth * 16.5
‘glued/thread . 6.0

*This is valid for a ratio X; depth of flaw/wall thickness
smaller than 0.4

Table 5.2: Dynamic fatigue criteria for uPVC and
rigid PVC with smooth surfaces, lit. [8]

In figure 5.3 the S-N curve of smooth PVC is drawn.

Inflggngg of crack like-gotgneg.

The table above is only valid for pipes with a smooth
surface, without flaws with a very sharp notch.Threads
normally have a notch with a root radius of more than 0.250
mm (250 mu) in which case table 5.2 is valid. However flaws
or notches with a root radius in the order of 0.01 mm (or 10
mu )have a detrimental effect on the dgnamic fa;igue strength
which goes down to a value of 2.5 N/mm“. (for 10" cycles)

For example a

circumferential scratch made by a "scraper" used for
measuring, reduces the fatigue level with a factor 6.6.
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It is unrealistic to suppose crack like scratches

present totally circumferential. However, during
installation or transportation occasional cracks like
scratches might be produced. For this reason it is strongly
recommended to reduce the design fatique limit to 2.5 N/mm
for PVC, with regard to the scratch sensitivity of PVC.

For a particular thread the fatigue limit can be determined
with figure 5.2 in which the ratio X; depth of flaw/

wall thickness is set out against the fatigue strength
Sf,ref[3]

21 ... Rigid.BYC Clasz D. ..
t=20°,1H, R=0

0.1 0.2 . 0.3 . 0.4 X 0.3

Fig. 5.2: Fatigue strength S_ against ratio X; flaw
depth/wall thicknesas.
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6.1 STAINLESS STEEL
6.1.1 Smooth stainless steel AISI 304

For pumprods normally submerged in fresh water, the fatigue
strength is decreasing with increasing number of cycles. The
ultimate fatigue strength of both annealed and 98% cold
worked stainless steel AISI 3Q4 is given in figure 4.6.

The ultimate fatigue strength of smooth stainless steel AISI
304 in fresh water is:

2.105 cycles 1.108 cycles

annealed AISI 304 240 N/mm2 170 N/mm2

98% cold worked " 860 790

For a stainles steel that has been cold worked for a certain
percentage, the fatigue strength can be found with linear
interpolation.

*this is valid for alternating axial stresses ( combined
tension and bending) in the pumprod, which is normally the
case. It is not valid for torsion.
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6.1.2. Notched stainless steel AISI 304

The notches for which the pumprods generally have to be
designed are notches formed by grooves of a thread.
As a rule of fist:

- For mechanically cut thread K
~ For rolled thread Kt

QU

3 (1)
2 (2)

~ If for a certain thread the Kt is unknown, but the root
radius is known (r), then with table 4.2 an estimate of K,

can be made. (3)
~annealed stainless steel AISTI 304

g = 0.3 for Kt < 4. (4)
~ ¢old worked (98%) stainless steel AISI 304

q= 0.7 for Kt < 4 (5)
- Kg =1+ q(Kt-l) see figure 4.4 (6)

~Safety factor

Seen the variety of values K. found in literature, as well
as the incompletenes of data about notches, it is preferable
to take a Safety factor of 2 (instead of 1.5 which is
recommended in [10] for thread under dynamic load.

Safety factor = 2 (7)
Summarised Design Procedure

To obtain the design strength of stainless steel AISI 304
with thread, the following procedure can be followed;
Data to be given: - the material, st st AISI 304
- the treatment,annealed or cold worked
in percentage.
- the plain fatique stress
- the type of thread with Kt value

In most cases Kt of tread is given in handbooks, if not,
determine:

- Kt' using rules (1) (2) or (3)

- K¢, using rules (4) (5) or (6), or figure 4.4

~ Choose a desirable lifetime for the pumprod, say 10 ygars.
With figure 4.6 this gives a number of cycles of 1.10,
supposing the pump is Bsed as indicated.
With figure 4.6 for 10~ the plain fatigue stress can be found
for the steel used, using the lines for fresh water (taking
the corrosion effect into account)
~ ultimate fatigue strength = plain fatique stress
K
- design fatigue strength = ultimate®fat, strength
safety factor (2)



Example calculation 24

Suppose mechanically cut thread BSF (r = 0,135) on annealed
stainless steel AISI 304 pumprods.

- Kt = 3.3 from (3)

- K; = 1.7 from fiqure 4.4 8
-Chgose a lifetime of 10 years, or 10

-ultimate fat. strength = 170 = 100
l.
0

cycles.

[

- design fat. strength = 10 50 N/mm2

2
6.2 PVC

The brittle strength criteria for uPVC and rigid PVC for
rising mains of hand pumps, protected against the sun are:

-Ultimate fatigue limit:

-smooth pipe 16.5 N/mmg (1)
~glued/thread 6.0 N/mm (2)

*For a thread with a ratio X < 0.4 and a notch (root) radius
of at least 0.25 mm.

For the S-N curve of smooth PVC see figure 5.3

-For values of X > 0.4, the ultimate fatigue limit can be
determined with figure 5.2. (3)

-A safety factor of 2.4 is recommended for both smooth and
glued or threaded PVC. This because the possible occurrence
of crack like notchs, with a root radius in the order of
0.01 mm.

- ty £ = 2.4 (4)

Example calculation
Rising main of rigid PVC (impact resistant PVC)

D, =47.5 mm

pY = 36.0 mm

i
wall thickness 5.75 my
A (area) 754 mm

Thread 1%" machined according NEN 3258 (see appendix D)

According NEN 3258:
~notch depth (d) = 1.479 mm
-X = 1.479/5.75 = 0.257 mm
-thus X < 0.4

root radius is r = 0.137%p
with p = 2.309
r = 0,31 mm
thus the root radius is larger then 0.250 mm



Therefore rule, (2) can be used giving an ultimate
limit of 6 N/mm”.

The design fatique limjt:

(ultimate fatigue limit)/(safety factor):

6/2.4 = 2.5 N/mm>

The maximum allowable F ax becomes:

2.5*754 = 1885 Newton

fatigue

25
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7 S ON 81 PUMP

Materials:

pumprod:
stainless steel AIST 304 annealed

diameter 10 mm _
thread, M10, mechanically cut, see Appendix F

rising main:
impact resistant PVC
diameter outside 47.5 mm
diameter inside 36.0 mm :
thread 1.5" mechanically cut, see Appendix E

cylinder: ?
piston: ?

Measur j jons:

four different Heads have been measured, 20, 40, 60
and 80 m.

Measured data:

The position of the strain gauges is indicated in
figure 7.1. For a typical stress signhal see

figure 7.2. For the method of elaboration of the
measured data see Appendix C. The final results are
shown in figure 7.3 and 7.4.

Actual measurements:

number of measurements: 128'hand driven
134 machine driven

period of measurements: 2-8-/88 - 22-9~’88
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Fig. 7.1: Position of the strain gauges (upper& end)
r__._..l

Filename: SOOHA601.DAT
Subfile : 17
[ Row nr. : 7 Straingauge: 33 e

Fig. 7.2: Typical stress signal from transducer 33

The fatigue stress Sa in this case is:
Sa = (Smax - Smin)/2 22 40 N/mm2
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Fig. 7.3: Actual alternating stress measured on the
stainless steel pumprod (upper position) for 4
different modes of handpumping plus 3 modes of
machine pumping, as function of pumping head.

Caowmk

Steady pumping (normal)

Pumping against stops

Forced pumping (malen)

Pumping in natural frequency (jutteren)
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Fig. 7.4: Actual alternating stress measured on the
PVC r ising main (upper position) for 4 different
modes of handpumping plus 3 modes of machine
pumping, as function of pumping head.

For legend see figure 7.3
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Co| ISON OF ACTUAL MEAS D IOADS WITH DESTIGN
RULES

Pumprod:
annealed stainless steel AISI 304 with thread M10

mechanically cut:

rule (1) Kt = 3

fig. 4.4 XK. = 1.6

lifetime 16 years s-> ultimate fatigue strength
170/1.6 = 106 N/mm

design fatigue strength 106/2 = 53 N/mm>

From figurs 7.3 it can be seen that the maximum occuring S,
is 51 N/mm“. This value is below the design fatigue
strength.

Conclusion:
The pumprod is strong enough for 10 years in fresh water (Ph

= 7) for heads up to 80 m.

Rising main:
The pipe and thread have already been calculated in
the example of chgpter 6.2 giving a design fatigue
limit of 2.5 N/mm“. From the actual measured data
in figure 7.4 it can be seen that the maximum
occuring S_ is 2 N/mm“. This is well below the
design fatigue limit.

Conclusion:

The PVC rising main is strong enough for 10 years for heads
up to 80 m.



31
8 CONCLUSIONS AND RECOMMENDATIONS

This study concentrates on stainless steel 304. In West
Africa, about 70% of the wells contains water with a PH

<6.5 which will increase the effects of corrosion

fatigue 1it. [13]. Therefore it is recommended to further
investigate the fatigue properties of stainless steels with a
higher resistance against corrosion fatigue,such as stainless
steel AISI 316. (provided that costprice is acceptable at the
end)

Data of fatigue life of stainless steels are not so
abundently, for different corrosive media they are scarce.
Data of fatigue life of specific sorts of PVC are very
scarce. Further research experiments on fatique life of
rigid PVC’s is recommended, although these experiments are
not cheap.

Seen these remarks it has to be concluded that the design
rules derived in this paper are provisional.

The measured loads on the SWN81 pump compared to the design
rules showed that the pumprod and rising main were strong
enough for a lifetime of 10 years for heads up to 80 m.
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ANNEX A
FATIGUE DATA OF STAINLESS STEEL or 18/8 steel

Typical tensile~ Su and yield Sy sirength for annealed and cold worked stainless steel
304.

il AT work | tensile Su |yield Sy|from ref.pag
1}304 sheet| AN | 586 241 1p14-9
rea02 | 21250 plate] AN | 586 207 1p14-9
A 3|bars AN |586 207 1p149
o “02-4~E 41347 200C| AN | 650 275.8 1p 20-26
TR e e 2| 5304 AN | 580 289.6 |1p 20-26
ol ~216/301 AN | 758 276 1 p 20-26
T e268 3 | 7/303 AN (620 241 1 p 20-26
NS £181347 AN |655 276 1p20-26 .
@b‘“ 689.0 E (9118/12 AN (612 2p 135
1A 3 110120/10 | AN |571 2 p'153
LG sossiz S (111347 AN |618 2p 162
/| 00% 087 043 # otarss 2 J12 18/8 CW (1297 90% 2p213
1560 025 B Tz 12 :;.07 %v %331 98% 1}(1)19 Il.’sp Ag;)lc
S — 5 s0{2rs6 @ [14/18/8 shear P
aa: g > 310
<~ “eoqwe 1505 240 16 p 343
. [16{18/8 AN |685
O 10 20 30 40 5C 60 17(304 200C | AN | 617 . 1
COLD~WORK. % 18/20/10 |[CW [911  35% 2 p 153
191304 CW (1448 98% 1p 20-11
20{304 AN 544 6 p 84
211316 AN |579 290
From this table the tensile strength can be calculated:
For annealed st.st. 304: Su = 580 N/mm? *CW% = cold worked
AN = annealed
88 = gtainless steel
Fatigue limit sf for smoothed specimes
WR | maT sf |mode of testing | from ref. page
14 18/8 AN (234D 16 p 281 * Mode of testing:
10 | 20/10 AN |241|RB 2p153
8 347 AN |1268{B 1p20-33 *D = Direkt, axiale
7,6,5| 304/303/301AN |241|B 1p 20-33 B(RB) = rotating
12 | 18/8 CwW|190|T 2p 213 bending
22 | 18/8/1 AN |273|RB 2p213 | T = torsion
23 | s8 AN |294|RB 5p 156
18 | 20/10 CW [ 482|RB 2p 153 s¢ = alternati
19 | 304 CW | 862|RB 1p20-11 stress = sa for R=~1
20 316 AN | 269|RB 1 p 20-33

Tw
J Ra-/

4



FATIGUE DATA QF PVC

- General information:

ANNEX B

pPVC yield stress ; 55 MN/m?
rigid PVC yield stress ; 50-60 MN/m?
Static fatigue
H\/Iateria.l Temp | Lifetime| Notch | Root radius | Sfg From
[+Cl | years | K. |[um] [N/mm?]
LPVC K71/67/57 50 1 18 8 Fig. 14
" 20 1 33 8 Fig. 14
" 5 1 40 8 Fig. 14
" 50 50 17 8 Fig. 14
" 20 50 31 8 Fig. 14
" 5 50 37 8 Fig. 14
uPVC K67 50 1 << |250 26 8 Fig. 15
UPVC k57 50 1 << {250 18 8 Fig. 15
WPVC K71/67/57,20 1 << | 250 37 8 Fig. 15
wPVC K67/57 5 1 << 250 45 8 Fig. 15
uPVC K67 20 50 << 250 35 8 Fig. 15
WPVC K67 20 1 42 |10 29 8 Fig. 16
VC K67 20 50 4.2 10 21 8 Fig. 16
Dynamical fatigue
Specimen: uPVC K67
Tested: R=0 Sm=17.5 N/mm?
uniaxial tested tension
200C
load bendin
time off load = tine under loa,d r=1(8-22)
Testireq. [Hz] | Notch K¢|Root radius ymSs [N/mm?|N; |From/note
5.10-3 17.5 8.10¢ |8 Fig. 17
0.5 17.5 9.105 |8 Fig. 17
1 17.5 3.108 | Extrapolated
4.2 10 2.5 107 |8 Fig. 25
4.2 10 9.5 105 |8 Fig. 25
4.2 10 4 108 |8 Fig. 25
16.5 3.10¢ {8 Fig. 25 well processed
9.5 2.108 |8 F1 25 poorly processed
* 0.35 mm 12 3.105 |rigid pve class P ref.3 p69(
¢ = 50 mm
* 0.70 mm 8 1.108 | rigid pvc class P
wall = 3.5 mm
* 1.40 mm 6 2.108 | rigid pvc class P
L 20.7 1.10¢ | rigid vinyls ref.16 p533
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filename SOOHA&01,DAT 1 l

nr, subfile : 13 chml nr 1 max. 1,967 min. -.347 mean, .795

nr. subfile : 13 chnl nr 2 max, 1,979 min., -.591 mean, .667

nr. subfile : 13 chnl nr 3 max, 1,810 min. -.187 mean. .796

nr, subfile ! 13 chnl nr 4 max. 1.884 min. ,063 mean, 937

nr. subfile : 13 ¢hnl nr 5 max. 35.333 min. -4.981 mean. 8,679

nr, subfile ! 13 chnl nr 6 max, 48.784 min. 16.035 mean. 31.659

nr, subfile ; 13 chnl nr 7 max. 52.47% min. -9,99¢ mean. 19.648

nr. subfile ; 13 c¢hnl nr 8 max. 7,608 min. -20.565 mean. -4,983

nr, subfile : 15 chnl nc 1 max, 1.761 min. -.452 mean, .6%7

nr, subfile : 15 ¢hnl nr 2 max, 1.833 mir, -.623 mean, .583

nr. subfile : 15 c¢hnl nr 3 max. 1,938 min. -.439 mean. .730

nr. subfile ; 1S chnl nr 4 max. 1,918 min. -.178 mean. 858

nt, subfile . 15 chnl nr S max. 35.644 min. -10.195 mean. 9,959

nr, subfile ¢ 15 chnl nr 6 max. 55.484 min., 13.777 mean. 32.288

nr. subfile ! 15 chnl nr 7 max, 58.261 min, -8.345 mean. 17.527

ne, subfile : 15 chnl nr 8 max. 3,465 min. -19.360 mean, -7.895

nr. subfile : 17 ¢chnl nr 1 max. 2,270 min. -1.167 mean. .642

nr, swpfile : 17 chnl nc 2 max. 1.874 min. -1.615 mean, .456

nr, subfile : 17 chnl nr 3 max. 1,913 min. -.986 mean. .618

nr. subfile ¢ 17 chnl nr 4 max, 2.309 min. -.583 mean, .814

nr, subfile : 17 ¢chnl nr 5 max, 31.286 min. -7,783 mean. 11.324

nr, subfile : 17 chnl nr & max. 58.043 min. 17.993 mean, 34.137
—(nr, subfile : 17 chnl nr 7 max. 68.034 min, -11.352 mean. 21.005])

nr, subfile : 17 chpl ar 8 max, 14.91% min. -25.763 mean. -7.515

nr, subfile ! 19 chnl nr 1 max, 1.878 min. .024 mean. .881

nr. subfile : 19 chnl nr 2 max. 1.815 min., -.550 mean. .691

nr, subfile : 19 chnl nr 3 max. 1.741 min. -.419 mean. .811

nr, subfile : 19 chnlnr 4 max, 1.807 min. ,174 mean, 1.011

nr. subfile : 19 ¢chnl nr 5 max. 42.026 min. -10.973 mean. 13,337

nr, subfile : 19 chnl n- 6 max. 42.610 min, 26.349 mean. 34,343

nr. subfile : 19 c¢chnl . 7 wmax, 48.714 min, -14.133 mean. 13.558

nr. subfile : 19 chnl nr 8 max. -2,712 min. ~20.414 mean. -12.232

S - 5 .
S = max min
a 2

1
s, by/oof
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filename SOO0HAZ204,
nr.
nr.
nr,
nr.
nr,
nr.
nr.
nr,
nr.
nr,
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr,
nr.
nr.
nr.
nr,
nr.
r.
nr.
nr.
nr,
nr.
nr.
nr.
nr.
nr.

subfile :

subfile @
subfile
subfile :
subfile
subfile :

subfile :

subfile .
subfile :
subfile :
subfile
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :

subfile
subfile

subfile :
subfile :
subfile :
subfile

13
13
13
13
13
13
13
13
15
15
15
15
15
15
15
15
17
17
17
17
17
17
17
17
19
19
19
19
19
19
19
19

DAT

chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl

nr
nr
nr
nr
nr
nr
ar
nr
nr
nr
nr
nr
nr
nr
or
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr

W NP RS WO 008 WR P OSNI0 NS ORI = 00 S0 0 b W o

max .,
max, ,
max .
max .
max.,
max .
max .
max.
max.
max.,
max .
max .,
max ,
max.
max.
max.
max .
max .
max.
max,
max .
max.,
max,
max .
max.,
max.
max.
max.
max.
max.
meLx .
max .

.677 min. -.206 mean.
572 min. -.373 mean,
.648 min, -.583 mean.
699 min. -.071 mean,
12.296 min., -6.693 mean.
26.349 min. 4.366 mean.

.241
.031
.012
.235

1.866
17.167

21.200 min. -10.074 mean. 8.595

1.205 min. -16,271 mean,
.599 min. -.196 mean.
.606 min. -.388 mean.
.457 min, -.749 mean. -
.552 min. -.290 nmean.
10.896 min, -9,106 mean,
26.876 min, 1.506 mean,
23.605 min. -7.217 mean.
4.972 min, -12.279 mean.
,883 min. -.447 mean.
.689 min., -.757 mean,
.317 min. -.633 mean, -
.557 min. -.366 mean,
10.818 min., -9.028 mean.
26.123 min. ,753 mean.

26,988 min. -10.374 mean. 6.582

8.211 min. -12.881 mean,
1.031 min. -.883 mean.

/37 min. -.791 mean. .
.357 min. -.528 mean, -.
.538 min. -.461 mean. .
13.931 min, -2.490 mean.
30,941 min. 7.905 mean.

-8.,556

213
L017
155
.0%88

2.004

13.824

9.242
-4.55%6

.254
031
125
.092

1.232
11.994

-5.555
.142
010
057
073
4,941
16.958

27.439 min. -11.502 mean. J3.441

-6.102 min, -14.68%9 mean,

-10,345
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filename BAOHA404.
nr.
nr.
nr.
ur.
nr.
nr.
nr,
nr.
nr.
nr,
nr,
nr.
nr.
nr.
nr.
nr.
nr,
nr.
nr,
nr.
nr.
nr.
nr.
r.
nr,
nr.
nr,
nr.
nr,
nr.
nr,
nr,

subfile :

subfile :
subfile :
subfile
subfile :
subfile :
subfile
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile
subfile :
subfile :
subfile .
subf’le :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :

13
13
13
13
13
13
13
13
15
15
15
15
15
15
15
15
17
17
17
17
17
17
17
17
19
19
19
19
19
19
19
19

DAT

chnl
chnl
chnl
chnl
chnl
¢hnl
chnl
chnl
chnl
chnl
chnl
¢hnl
chnl
chnl
chnl
chnl
chnl
chnl
¢hnl
chnl
chnl
chnl
chnl
chnl
chnl
¢hnl
chnl
chnl
chnl
chnl
chnl
chnl

nr
nr
nr
nr
nr

nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
nr
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max.
max.,
max.,
max .,
max.
max,
max.
max.
max.,
max .

max,
max.,
max,
max.
méLx. .

max .
max.
max.
max.
max,
max.
max.,
max .

max,
max.

max ,
max.
max.

1.068 min. -.871 mean. -.077
1.042 min, -.281 mean. .275
1.149 min, -.163 mean. .368
1.195 min, -.474 mean. .270
30.741 min. -8.716 mean, 5.479
35.760 min, 195.057 mean. 26.318
39.843 min, -16.163 mean. 14.711
1.281 min, -18.004 mean, -9,033
1.023 min, -1.336 mean. -.1%3
1.346 min, -.548 nmean. .246
1.115 min. -.282 wean. .297
1.149 min, -.752 mean. .198
24.515 min, -12.530 mean. 5.442
33.27% min, 4.442 mean. 18.422
46,459 min, -15.787 mean. 14.731
10,621 min, -15.217 mean, -4.666
.880 min. -1.800 mean. -.286
1.968 min, -1.166 mean. .137
1.551 wmin. -.938 mean. ,263
1.714 min, -1.131 mean. .090
26,772 min. -10,273 mean. 5,533
41,782 min. 7.302 mean., 21.140
54.65? min. -16.088 mean. 16.449
9.341 min, -14.162 mean. -4.663
1.197 min. -1.617 mean. -.117
1.221 min. -.728 mean. .209

.871 min, -.488 mean. .345

1.54) min, -,707 mean. .282
28.640 min, -8.405 mean. 10.503
35.007 min. 16.111 mean. 24,249
43,752 min, -14.208 mean. 9.220
~1.883 min. -16.874 mean. -10.362
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Illename oLUHATBULL,
subfile :
subfile
subfile .
subfile :
subfile :
subfile :
subfile :
supbfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile ;
subfile :
subfile .
subfile :
subfile :
subfile
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :

nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr,
nr.
nr.
nr.
A,
nr.
nr.
nr.
nr.
nr.
nr.,
nr.

13
13
13
13
13
13
13
13
15
15
15
15
15
15
15
15
17
17
17
17
17
17
17
17
19
12
19
19
19
13
19
19

DAL

chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl

03\IO\U\DNI\)'—‘(D\EO\U‘rbUJI\)I—'OD\'IO\LHahbJNI‘-‘(D\IO\U'I-I‘:-UJi\Jl—'

max.
max.
max.
max .
max.,
max,
mex .,
max .
max .,

max,
max,
max .
max.
max.
max .
max.
max,
max .,
max.
max,
max,
max .,
max.
max,
Wax .
max,
max,
max .
max .
max .,
max.

2.556
2.511
2.372
2.612
50,183
57,480
88.576
29.709
2.847
2.616
2.589
2.824
51.714
58,746
89.311
21.168
2.597
2.602
2.697
2.834
50.667
67.772
94,607
30.080
2.383

2.0
2.525
2.309
55,580
50.671
78.652
17751

min,
min,
min,
min,

min.
min,
min.
min,

min,
min,
min,
min,

min,
min.
min.
min.

min,
min.
min,
min.

min,
min.
min,
min,

min.
min.
min,
min,

min.
min,
min.
min,

-1.179 mean. .
-.778 mean. 1.
-.118 mean. 1,
-.492 mean. 1.
-29.401 mean.
15.914 mean.
-10.217 mean.
-13.146 mean.

834

021

245

077
6.866
34,262
33.290
6.078

-.711 mean. .862

-.314 mean. 1.
.108 mean. 1.
-.154 mean. 1.
-30.609 mean.
11.005 mean.
-11.100 mean,
-7.799 mean.
-1.413 mean. .
-1.242 mean. .

076

251

062
4.265
34,616
36.017

6.908

583

704

-.345 mean. ,993
-.737 mean, .899%

-30.609 mean,
20.427 mean.
-9.262 mean.
-12.032 mean.
-.214 mean., 1.
.C5% mean. 1.
.281 mean. 1.
.284 mean. 1.
-31.093 mean,
25.019 mean,
-11.320 mean.
-12.998 mean.

8,882

43.318
39.011

6.860
012

L alal
F

312

229
5.588
38.430
30.956
.836
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filename SOOMA205.
nr,
nr.
nr,
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr.
nr,

nr

nr,
nr.
nr.
nr.
nr.
nr.
nr.
ur,

nr

ne.
o, subfile :
nr.

nr

nr.
nr.
nr.
nr.
nr,
nr.
nr.
nr.
nr.
nr,
nr,
nr.
nr.
nr.
nr.
nr.

, subfile :
nr.
nr.
nr.
nr.
nr.
nr.
nr.
ne.
nr.
nr.
nr.,
nr,
ne.

subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :

subfile :
subfile ;
subfile :
subfile :
subfile :
subfile :
subfile !
subfile :
subfile :
subfile :
subfile .
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :

subfile :
subfile ;
subfile :
subfile :
subfile :
subfile ;
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :
subfile :

14
14
14
14
14
14
14
14
15
15
15
15
15
13
15
15
16
16
16
16
16
16
16
16
17
17
17
17
17
17
17
17
18
18
18
18
18
18
18
18
19
19
19
19
19
19
19
19
20
20
20
20
20
20

20
20

DAT

chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
¢chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl

Nk WoR O WRE0NIGR S WP OO W R 00N WR 200N LR - 00 3O W) R

max ,

,633 min. ,015 mean., .313
.049 min, -.7%2- mean. -.336
.638 min. -.352 mean. .205
.77% min, .038 mean. .388

6.926 min. -13.386 mean. -4.599

15.282 min, -2.936 mean. 6,337
29.467 min. -3.683 mean. 10.859
,b/o min, -8.889 mean. -2,333
,623 min. -.098 mean. .253
.252 min. -.883- mean. -.354

,568 min, -.322 mean, .128

.637 min. ~-.038 mean. ,269
9,106 min. -12.841 mean, -2.557
18.519 min. .000 mean, 9.362
33.902 min, -1.128 mean. 13.712
b.1U2 min. -3.842 mean. 2..34
.766 min, -.113 mean. ,272

.194 min, -.912- mean. -.303

.739 min, -,613 mean. .0%%

.485 min, -.304 mean. ,097
6,460 min, -12.763 mean, -2.713
19.046 min. -.903 mean. 7.582

35.931 min. -2.105 mean. 12.858 .

©.930 min. -2.109 mean. 2.072
.883 min. -.319 mean. .261
136 min. -1.048- mean. -.311
1.201 min, -.723 mean. ,161
.50V min., -.271 mean, .229
7.393 min. -12.608 mean. -2.590
21.530 min. .4%2 mean., 7.558
37.811 min, -1.579 mean. 12.923
8.211 min., -1.205 mean. 2.408
.623 min. -.108 mean. .282
.150 min., -1.086- mean. -.292
.914 min., -1.020 mean. .137
652 min, -.114 mean. .280
5,681 min. -11.907 mean. -3.656
20,401 min. -.452 mean. 7.410
38.637 min. .075 mean, 14.391
8.43%7 min. .226 mean. 2,671
.761 min. -.265 mean. .288
121 min. -1.0%7 - mean, -,277
.995 min, -1.216 mean. .060
.737 min. -.338 mean, ,192
7.393 min. -11.440 mean. -3,070
20.853 min, -2.785 mean. 6.502
39.164 min. -1.9%4 mean. 13.588
9,491 ain., .527 mean, 3,848
.957 wmin, -.638 mean. .237 .
,223 min, -1.159 - mean. -,303
,713 min. -1.166 mean. -.001
.847 min. -.509 mean. .,096
7.082 min. -10.662 mean, -2.491
23.864 min, -1.506 mean, 8.177

42,847 min. -1,052 mean., 14,891

10,621 min. ,603 mean, 4,343
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filename SOO0MA404,

nr. subfile : 14
nr, subfile : 14
‘nr, subfile : 14
nr. subfile : 14
nr, subfile : 14

nr. subfile . 14
nr. subfile : 14
nr. subfile : 14
nr, subfile : 15
nr, subfile : 15
nr. subfile : 15
nr. subfile : 1%
nr. subfile : 15
nr. subfile : 15
nr. subfile : 15
nr., subfile : 15
nr. subfile : 16
nr. subfile : 16
nr. subfile . 16
nr. subfile : 16
nr. subfile . 16
nr. subfile : 16
nr, subfile : 16
~r. subfile ! 16
W, subfile @ 17
nr. subfile : 17
nr. subfile : 17
nr. subfile : 17
nr. subfile : 17
nr. subfile : 17
nr. subfile : 17
nr. subfile : 17
nr, subfile : 18
nr, subfile : 18
nr. subfile : 18
nr. subfile : 18
nr. subfile : 18
nr. subfile : 18
nr, subfile : 18
nr, subfile ! 18
nr, subfile : 19
nr. subfile : 19
nr, subfile : 19

. subfile @ 19
nr, subfile : 19
nr, subfile : 19
nr. subfile ; 19
nr, subfile ! 19
nr, subfile : 20
nr, subfile : 20
nr. subfile : 20
nr, subfile : 20
nr, subfile : 20
nr. subfile : 20
nr, subfile : 20
nr. subfile : 20

DAT

chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
chnl
c¢hnl
chnl
chnl
chnl
chnl
chnl
chnl

m\JO\U‘IbOJNHG)\JO\Ul-D(JJNI'—'OQI\IO\U'I-hQJNI—‘O:)\JO\CHDUJNHOE\JO\UTrDOJNHO)\IO\LﬂrhbJNi-‘m\lO\m-bww [

.925 min, -1.742 mean. -.469
1,037 min, -,171 mean. .419
.967 min, ,134 mean., .582
1.067 min. -.310 mean. .413
22,258 min. -18,055 mean. -2.944
22.358 min. 2.409 mean. 12.437
51.040 min, -4.285 mean. 20,197
13.258 min, -3.239 mean. 4.051
1.108 min., -1.304 mean. -.182
.986 min., -.221 mean. .375
1.029 min, ,062 mean. .539
1,249 min. -.292 mean. .402
20.235 min. -18.600 mean, -3.140
21.831 min. 2.409 mean. 12.143
53.596 min. -3,608 mean, 21,990
14.162 min. -2.335" mean, 4.789
1.175 min. -1.251 mean. ,097
1.429 min, -.544 mean. .321
1.335 min, -.096 mean. .523
1.117 min, -.588 mean. .353
13.230 min, -18.133 mean. -4.105
26.273 min. -,527 mean. 12.994
61.715 min. -.301 mean. '25,299
19.887 min. -2.260 mean. 6.637
902 min, -1.613 mean. -.528
1,429 min. -.567 mean. .281
1.221 min. -.153 mean. .501
1,108 min. -.625 mean. 289
18.989 min. -20.157 mean. -2.764
26.574 min., .678 mean. 13.258
62.166 min, -1.654 mean. 25,246
20.640 min, -1.582 mean. 7.661
1.157 min. -.983 mean. -.007
1.226 min, -.272 wmean, 327
1.254 min, -.005 mean, .546
1.341 min, -.556 mean, .354
22.492 min. -20.857 mean, -2.666
24.617 min., 3,613 mean.  14.152
56.528 min. -2,706 mean. 24.355
16.422 min. -2.034 mean. 6,289
1.255 min. -1.023 mean. ,008
1,032 min. -.309 mean, .364
.976 min. .101 mean, .588
1.423 min, -.570 mean. .370
19.768 min. -20,935 mean. -3.290
23.186 min., 4.818 mean. 14.102
55.024 min. -2.631 mean. 24,813
13.484 min, -.904 mean. 5.627
1.224 min, -.777 mean. .080
.903 min, -.161 wmean., .403

.957 min. -.062 mean. .578
1.400 min, -.260 mean. .439
16.732 min. -21.480 mean. -3.217
22,132 min. 5.194 mean. 13.498
54.348 min. -1.954 mean. 23.171
11,827 min, -1.205 mean. 4,516
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NED. My YOOR NIVESHEID EN HANDEL | | xon. msTIuuT van nGeniEURS
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NEDERLANDS NORMALISATIE-INSTITUUT

NED M1}, YOOR NIFVERHEID £ HANDEL I l KON, INSTITUUT VAN INGENIEURS

De matrischs schrosfdraden M1,7; ML3 ss MLE voigess
daza werm wordsn lnternatiosaal door iSO U} nist sanbe-

volan.
Asnbevolen wordt de Mis; M2
= [ (ISO}wIQ-uNIN a-llnpbnlhn. dle wii
Basisprofiel
"“'F———'I
< b2 s
A e B -3
ol -
= T T 3° = Makhosk
< X

d w buitenaliddaliin
:: - l-ncrulnkfd‘.-!qn

!
- Mmr'ulml,
!
)

01082 pw 186
B w bultanmiddebijn

builendrasd & = Ninkmiddoijn

Maten in mm

aanduiding p |d=D lombj ¢ | 0
M7 035 | 1,7 1 1473 1 1246 1,25
n23 P 2: D20 | 1780 | 1,795
M6 ods | 26 | 208 | 201 | 203

Tolersnties
Yoor tolerantles zle NEMN 3823

-

Aandulding

Mearische schroefdraad volgens deze norm wordt aangeduid door vermeiding van de nominle lﬁlddelll}n,
voorafgegaan door de profielletter M.

Voorbeeld: M1,7

l" [u? Sor Saand

NEDERLANDS MNORMALISATIE-INSTITUUT

Metrische schroefdraad M1,7, M2,3 en M2,6 NEN 81-I

Nominale maten

Bashsprofiel
£
=l *
» P = spoed .
o k- 08680255
- 1, = 0551268 p
40" = rophoek
3N = fankhoak
<}
Muximummateriaslprofislen

blocendraad

d w buitsnmiddsiiin
d, wa kernmiddeR)¥n | buitend read
&y w flankmiddeili]n

O w bultenmiddellijn
D, w= karnmiddeitin ]hlnmndﬂlﬂ
Dy s Mankmiddellljn

zonder minlmum-flankspeling met minlmum-flankspeling
{passing Hih) {passing Hfy)
Maten In mm
sandulding » d}wmD {dy) =D, 4,1 Dy
M1 0,25 1,000 0,68 07
nie | am | um ) am | am ) o
(Wi 03 a6 | T8 | 18 | 167 ]
ng | lue) im) o) am
1 f
LX) 2,000 TR [ 158 | 1587
M2 0,45 2.200 1,900 1.648 1713
N M25 045 2,500 2,208 1948 013
W3 05 |30 245
Mas s:; 3,50 10 i::: :m
Mi 4,000 )
Mis 075 uo‘u_‘ BTE] 358
ms 08 5.000 §,400 Lme 4,35
Mé 1 6,000 5,350 4773 4917
EE 1 70 | 'E.—asn_r [%7:] 597
Me 1,25 8,000 7188 §,488 5,647
me 1,25 9,000 3,183 7.486 7047
‘ 3, —— e ‘.5 P e e — iﬁ‘ "_.
1.5 ", 10,026 9,160 2.5%%
™12 1.75 12,000 10,863 9,853 10,108
At I ] | W5 1
M 2 16,000 14,704 13,546 13,835
| M1 25 - 18,000 185,376 14,95 1520
k] I3 B0 | B3R
M 22 2.5 22,000 20376 18,933 19.294
[ 3 24,000 2,051 20,319 20,752

e drulk, Junl 1968
Pletric scraw thrasds M1,7, M3 and M35, Besic dimensions pewljzigd
Awteursrechten voerbeheuden UDC 621.302.082

Metrische schroefdraad (ISO
etrisc eGs;v:'?;edraa (1s0) NEN 81-I1

Nominale maten

2o deulk, Junl 1968
150 Metric scraw thread. Coarss pltch. Basic démanelons powijzigd

Auteursrochion voocbshonden - UDC 621.882.082

T XIANNV
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{Achterzijde NEN 81-11)

Deze norm s

pgestald door lasia 86 (Schroefdraad)

sandulding 4 4 = dy 1) = 4.9 o,
Mz 3 27,000 25,051 23319 3,752
M3 35 30,000 27,717 25,706 26,211
M3 35 33,000 20,727 28,706 2.2t
MmN i TI000 | 33402 MO0 | NS0 |
M3 § 3.000 35,402 J 670
M2 45 42,000 .07 36,479 Waw
M5 %5 45,000 %2.077 2479 FoXE]
mmu 5 48,000 44,752 §1,056 | 42587
M 52 5 52,000 8,752 #5866 | 46,567

™5 53 R0 | 5. W, r—m“
M &0 55 0,000 56,4268 53,252 54,066
" 6 64,000 0,103 56,639 57,505
™ 48 & 48,000 64,103 60,639 1,505

Gebrulk bl voorkeur de vet gedrukte middelll)nen.

1) De wasrden van 4, d; en d, gaiden deen voor de d zondar flankspsling.
Yoor 4 mat Mankspaling o Kislner, 2le NEN 3322,

Tolsranties

¥oor toleranties, zle NEN 3222

De grootts van de 1ol te wordt door sen {tolerantickiasse), de ligging van het tolavancle-
veld door een lettor, waarbl] voor de bultendrasd klclnl rs en voor de binnendraad hoofdletters worden
gebrulke. Voor algemesn gebrulk wardt de tol & sanbevolen. Kleinera toleranties worden met
ean kisiner getal sangegeven, groters toleranties mat ean groter getsl. Yoor da Hgping van het toleranvieveld

van de Immndrud worden de letters e, g an b onderschelden en voor die van de binnendraad de Yetters G
en H. Yoor sigemeen gebruik wordt de passing 8H/8g aanbevolen, voor middeliljnen 1 cot en met 1,4 mm
scheer 5Hjéh,

Asrdulding

Matrische schroefdrasd {ISO) met grove spoed volgens deza norm wordt sangeduid door vermelding van de
nominale middeliljn, voorsfgegsan door d-n proﬁ-iluter M. Aan deze anduldlng dient na een iu:ppelnken. de
tolarantieklsse en de ligging van het toler egavoeg:

Yoorbeald: M 6~ 6g

Opmarkiog
—wmm M“M L
woor bianendraad de idasse 5H,
lulundfndhkh-ﬂl. he
-mnﬂd&dlh-hun
mrblnnudmldckh-lﬂ.
voor buitendrasd de kisses ig.

Opmarkingsn
1. De to druk vas dese norm bs verschenan In [unl 1944,
e SR
De MG.ES tm. MO I vervalien sh yorveagen door de mislatunrschrosidrasd volgenm NEN 1920,

2. Dase norm b fn mat 5O M dation R 86 — Screw thresds, sa met Creft 15O Recommantation a2 -
mmwmmimmnmuuanwmm wsa da [ntarnationsl Organization for Swandsrdl-

181
UDC 621.862.082.22

Bevestigingspijpschroefdraad
{niet-afdichtend)

Nominale maten

Fasvening pipe thread. Sasic dimensions

NEN 176

5o druk, septamber 1972

De normen en de cstalogus van norman, slsmeds Jalich o over de normalisatie in hes sig
njnmmuqmmmmm—ammm Pdakw-gs. Rigswijk (ZH), telefoon (070) 7 68 00°,
postrekening 33301,

1. Onderwearp

Loale B e g

2. Toepassingsgebied

3. Bastaprofiel
T =
INVA 1
K2 e

4 Maxi isslprofis]

5. Mominals maten
Maten (n men, tenzi] anders vermald.

Deza norm geeft de nominale maten voor de b hroefdraad,

De norm is van toepassing op schroefdraad voor pijpvosrmige onderdelen en daarop aanslultende onderdelen
met nominale doorlaten van Yoo in tot en met & 1n, waarbil de afdichting niet op de schroefdrasd plasts vindt.

oo

0,94049
044053
013733 p

A - aante pnp:n‘ par Inch

» -'Iﬂ"-g’;—

>
T

d = bukanmiddelin i
ey Hio:

= kernmiddalln  §

0 = bultsamiddeliin )

0y = kernmiddettin

Bultsadraad

andutding A p d=mD d=D, | d =D,
GYy 28 o.w7 770 7,142 4,561
G, 1] 0,907 9720 0,147 8,564
GY, 19 1,337 13,157 12,301 11445
GY, 19 1,37 16,562 15,806 14,950
GYy 14 1814 20,955 19,793 18,40
GY, 14 1814 2am N7 20,587
GY, 14 1814 26,441 25,279 17
Gy 14 1814 30,201 29039 2877
G1 " .00 NuS NJre 30,291
G1Y, A1 209 1597 3,418 34,939
G, 1 2,309 41,910 40, 38,952
G1Y, " 2309 47.503 45,324 44,845
G1%, " 2309 53T 52,267 50,768
G2 " 2,309 614 52,135 56,656
G, " 2,309 65,710 64,20 62,752
G2y, 1" 209 75184 L5 72,226
Gy, 1 2309 51,53 80,055 78,575
G3 11 2,309 87,004 85,405 84,926

2d XJINNY



Basisprofiel cilindrische schroefdraad

222

\  adzijde 2 NEN 3258)

Bastsprofiel conlsche schroefdraad

a~-we
IR

223

{Bladzijde 3 NEN 3258)

N

s
w

| -
!
g
Flg. 3

auctige Inschroeflengte
brutkbare schroefdraadiengre
meetafscand

meetmiddellijn

buitendrasd, in

bultenmiddellijn ‘ clliadrische blanendraad en

n = aantal gangen per lnch

p = spoe

ty .= draaddiepte

d = bui iddelljr ek

dy = keramiddelliin

d, = Rankmiddetiin § hes mestviak.

D =

D, = keramiddellijn - conische binnendraad, in
D, = Rankmiddeliiin } het meetviak.

boshbare R
schroeldraadlengle

bevikbare schroefdryadlengte |

meetvlak

Fig. &

Hoewel in bovenstasnde figuur ter Wustracle sleches
&én ultvoerlngsvorm van binnen- en bulcendraad Is
aangegeven, sduic dit andere uitvoeringsvormen niet
ule.

» £
- 55° e .
1'% ~H a “1
N 3 < - ‘(‘ 7 Y ‘. =
4 ] < N
Fig. 1 D{ Ell van de schroefdraad
p == spoed
A = santal gangen per Inch
h o= 0960491 p conieiteit 1516
t, = 0,640327 p
¥ = 0137329 p
Pl 3
hy
Fig. 2 &
p = spoed F
£ = santal gangen per inch
h = 0960327 p
t, = 0,640 327 p
r o= 0137278 p
Maten in mm, tenzlj anders vermeld.
K K % s | s L 7 K
middeilijnen in het meetviak binnendraad
maatafwljking') op
nominale » p & basiswaarden de ligging van het
maat meetviak
mm aantal
In d=b {d=0 | 4=0,1 T | gogen
Y 26 0,907 0,581 r R 4,561 7a42 | £19 | £ 1Y
Y 28 0,907 0.581 9728 8,564 9147 | £ 1 £ 1Y,
Yy 19 | 137 | 0856 | 13157 | 1445 | 12308 | 417 | &1, |
yy ¥ 1,27 0,854 16862 | 14950 | 15806 | 117 + 1Y,
A 14 1,814 1,142 20955 18,61 19793 | £23 + 1Y,
3 14 1.5 1,19'_2_»_ | 26441 25,117 /B9 123 + 1,
1 1" 2,309 1,479 320 30,291 M0 | 4 g.g + ]‘1_-"
1", 11 2309 | 1479 | 450 | 38952 | 0.4 |
P A AL 3,500 1,479 47.503 44,535 88,32 | 429 + 1’5 ]
3 1 ,%9 1479 59614 | 56654 | 58135 | 129 [ L1,
1y, 1 2,300 1479 7S84 | 72226 | MTO5 | 435 + 1,
™Y 3 1| 2309 | 1479 | 67.084 | 8a26 | 86405 | k35 | 7Y
4 1" 2309 1479 113,030 | 110,072 | 141,551 4+ 35 + 1Y,
5 1" 309 1479 | 138430 | 135,472 | 136951 | £ 35 + 1Y,
& 11 2309 1,47% 153830 | 160872 | 162,351 + 35 4+ 1,

¥ Yoor verbiadingen van cilindrische b

d met

draad toleranties die gellk zijn san Uf,, van 44 toleranties in de lengterichting. gegeren in kolom 9.

h aad gelden voor de middelliinen van de binnen-

R ] 12 L 13 l w o] oS j O D
buitendraad
I b min. o
pasi maatafwitkling voor | = al
is~
waarde mm auncal Thax. TaTA. basis- max. mia. i :::ge"
Ry gangen waarde | waarde | waarde
40 + 0% +1 49 31 &5 7.4 56 25 24,
40 + 0% +1 49 31 6.5 74 5.6 25 a4,
5.0 +13 +1 73 47 87 1.0 8.4 3.7 2%
&4 +13 +1 77 51 101 1.4 88 37 ¥,
8.2 + 18 +1 10.0 &4 13,2 150 "4 50 23,
2.5 +t8 + 1 1.3 77 14,5 143 127 5.0 24,
10,4 + 23 +1 127 81 158 191 145 6.4 f,
127 £33 1 1 L 150 | 104 191 1 A4 158 64 23,
37 £33 1 15,0 10,4 19,3 Hié 16,5 64 z=-frf‘ -,
159 + 23 *1 182 1346 234 57 na 1.5 3,
17.5 +35 + 1Y, 210 140 287 30,2 n.2 9.2 4
W0H + 3.5 + 1 2.1 74 paX:] 333 26,3 2.2 4
5.4 Y + 1Y, 289 9 35,8 w3 3 10,4 414,
X 35 + 1, 321 54 401 414 .6 ns 5
28,6 -+ 3.5 3 13, 321 25,1 40,1 416 36,6 11,5 5
%} Onderdelen met binnendraad moeren zo zhin ui en ged day de pljpei kunnen worden ingeschroeid

ayer ean lengte als gegevan in kolom 14, wnrblrdn

dan B, van de wasrde in kolom 17,

{zit Fg. 4] nlet kleiner mag zyn
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Polyvinyichtorid (PVC)

Thermieche Eigenschafton

N, | Eigenschaflt Enheit Pri- PYC hart
methode normat  nachchiodert

1 | Glasdbergangstemperaks c - ca. 90 -

gbere Anwendungstemp.

4 kurz ‘C - 70-B0 bis 105

3 Gnger *C - 50-T0 bis 90

4 < DiN 53372 - -

§ | Vicat-Erweichungspunkt 5 kg °c DIN 534860 70-90 105-140

Formbestandigkeil in der

6 | Warme Methode A c ISG 75 60-72 102-104

7 Meathode B c 62-78 114-116

& | sper. Wamekapazitit 20°C | Mg - 09-10 10

lin. Wismeausdehaungs-

9 oellizient K* - 07-08-10*] 08-10*
10 | Warmeideitzahl Wi - K} - 0,16 0,14
11 { Enzindungsiemperatur «C - 339G FiM -

12 «€C - 455 {SIM -
13 | Bresnbarhkeit - - beennt in der Flarnme, er-
fischt nach Entfernen der
Zundquelie {schwerent-
flarmmbar). Flanme galb-
arange. in Gegenwarl von
Kupfer grim, Riecht stark
nach Salzsdure.
14 | Verbrennungswanme kg - . 18
Enthalpistabollen Richtwerte Hir PYC hart und PYC weich} in Jg
Temperatur in °C
20 40 [ 80 1 | 120
PYC hart ] x 42 &8 9% 125
PVYC weich it DOP (80:20) 0 2% &7 B7 118 | 1R
PVC weich mit DOP (70:300 g 30 60 4 124 | 160

& ¥, T-Diagramm fir Potyvimyichiorid hart (spez. Yolumen in comfgi”

Temperatus Dvuck in bar
< 1 200 400 600 W00d 1600
% 0.70791 | 0,70468 | 0,70202 | 0,62925 | 163383 | 0,68645
85 0,71270 | 0,70769 [ 0,70498 | 0.70193 | 0.68553 | 0,65684
] 0,71509 | 0.71045 | 0,70709 | 0,70315 | 0.69587 | 0.68747 PG
120 {.72099 i D.71710 | 0,71230 | 0,70627 | 0.65800 | 0.68849 harl
149 0,73383 ] 0.72465 | 0,71812 | 0,71224 1 0,70113 | 0.688%2
100 072639 | 0,71578 { 0,70888 | 0,70212 | 0, 70626 | .68
200 0.75485 | 0,74468 | 0,73508 | 072776 | 0,71653 | D.70308

* Abiihigeschwindigkeit 2 K/s

148

Thermopiasts. Aligemeine Eigenschaften
Polyvinyichlorid P¥C)
Thenmische Eigenachaften
Nr. Schiagzahe Typen PVC weich, mit DOP
B 510 a -5 BO¥20 6040 mit VA
1 ca. 9] ca. 90 ca. 50 ca 0 ca 80
2 ca 7D ca. 70 - - 60-70
3 ca. B0 ca. 60 - - 5060
4 - - 0 bis -5 ~3Q bis ~35 -
5 ca. 80 ca. 75 ca 42 - 70-8C
- bis 63 <68 - - -
ki bis 73 - - - -
8 0,25 025 - - 922
9 0,810 0,810 - - 0.8-10°
1 0,14 0,14 ca. 0,13 ca. 0.13 014
i - - - - -
12 - - - - -
13 | wie PYC hant brennt stark ruBerx]: flamm- wie PYC hant
hemmende Einstelungen z.B.
curch Waichmachung mit Phos-
phorsaursesionn
1¢ - - -
Elsktrische Eigenschaften
Bgenschaft Einheit Prif- PVC 5) PVC weich mit
methode harl DoP
{ungetir 802G | 60/40
Spez. Durchgangswiderst. [Ohm-cmi DIN 53482 >10"™ ca W% | 510"
Oberfiicheswiderstand Ohm | DIM 53482 cx W' ca 107 | ca. 10V
Durchschiagfestigheit KW/mm | DIN 53481 40-50 32-34 | 24-26
1 mn dicke Proben)
Dielokirigadtszat 50 Hz - DIN 53483 3237 42 75860
800 Hz - DIN 53483 3035 36 |62-64
10° Hx - DIN 53483 29-32 32 |an-4s
&l Yorlustfaktos.:  S50Hz - DN 53483 0,011 0,06 0.08
800 Hr - DIN 53483 G013 005 0,10
10 Hz - DIN 53483 ;M5 0,03 032
Kiechstromiestigleit Skie | DINS3480 KA 2-36 - -
Stute | DIN 53480 | KC 300->600 - -
Qpiische Eigenachatten
Lichidurchiassigkeit - - opak bis opak bis
olasidar ansparart
Brochungszaht - | DS | 152-155 - | -

Td XINNY



Thermopiaste. Aigemeine Eigenscheften - Mermapiasts. Aligemeine Eigenachafien
Potyvinyichierid (PVC) Polyvinyichiorid (PVC)
Mechanische Elgenschafien und Dichts Mechanischs Eigerschaften und Dicirle
r. | Eigenschalt Enheit Priaf- PYC hart b, Schiagzihe Typen PAC wesch, mat DOP Copolymes
methode |  nosmal nach- 520 >0~ BIV20 '
e e a a 60740 ot VA,
1 | Dichie g/om? 53479 139 1,55 1 1,38 1,38 t.28 119 1.30-1.35
2 | Sweckspannung’ No:m’ g::g 85-70 1::-515 2 45-52 40-48 25-28 16-16 ca. 60
3 | Reiddehnung 820 3 20-70 30-10¢ 170-200 370-40G ca. 50
4 | E-Modul (Zugl Nmm? 53457 12800-3300| 20003400 4| 2000-2600 1800-2600 - -
5 | Grenzbisgespanmng . N 53452 | 75-110 125 5 80-85 70-80 22 3
& | Biege-Kriechmodul 6d| Nmnd - - - 6 ca. 2000 ca. 2000 - -
7 | Kugeidruckharte 305 | Nt 53456 | 120140 § 145-170 7 95-10G 80100 _ - ca. 50
B { Shore-Hate ~ 53505 | DB3-0B5 D5¢ 8 Dso-08t D75-D81 A95-AGT AT4-RTE
3 | Schiagzihigken 23°C K¥m? 53453 | o Bruch | ©. Brul:il 3| ohne Beuch ohne Bruch ofing Bruch otng Bruch ching Bruch
10 oC 53453 zéT- | ©. Bruch 10 | ohne Beuch ghne Bruch ohne Bruch | ghne Bruch
O Bruc
i -20°C 53453 - - 11} ohne Bruch ohne Bnuch ohne Bruch ohne Bruch
12 —40°C 53453 - = 12 |50 bis 0. Bruch} ohne Brach - -
13 } Kesbechiagzibvgheit 23°CY sy} 53453 =2 2bis3 13 510 30-50 34 chne Bruch ca.2
14 0o 53455 | 2T. 22 - 14 36 7-10 - -
15 -20°C 53453 - - % 25-3 46 . 2-25 ohine Bruch
16 | ZOD-Kerbschiagzihighelt JAm AS‘lg 35-85 - 1B]  100-160 $30-1300 - -
p2!
17 | Schlagzwgzihigheit 23°C| ki’ 53448 - - 11 ca. 600 ca. 800 - -
18 0°C 53448 - - 8 200-300 ca. 600 - -
19 | Abrisblestigheit n, Taber mm¥1000 U1 53754 | 250-360 - fg ca. 400 - - -
o fiziect - - cs. 0.6 - 2 - - - —
Zuglaiechmodul von PYC hart [S-PVC, K-Wert ca. 60 bei 20 °C in Nmn? Zettstandfestigheil von PYC hart {S-PVC, K-Wert ca 60] bei 20 °C in A’
Temperatur Prisi- Beanspruchungsdaver 1 Tenweranw Eelastungsdauer
spannung < 0.1n 1h 190k 100 h 1000 h
106h 1000 h 10000 h .
< R ih :uu g — 2 56 55 | 4346 | 4143 | w4
2 S aamw 2000 2800 1700 Schubmodul G bn Mfnen? und mechanischer Yertustiakior tan & in AbkBnglgikeit von
30 3000 2600 2000 1400 der Ternperatur
40 2400 1900 - - Temperatur FYC hat PVC hochschiagzih PYC weich {DOP)
800 700 . #-Wert 62} 70:30
- 10 2200 1200 < G tan § G tan & G ans
63 10 %00 % it 150 2100 | o007 - - 2100 -
Biege-Kriechmadul ven PYC schiagalh (2, = 8 ki) Rendfaserspanaung 10 Wmm® -120 2000 0,000 - - 2000 0.01
" - 8D 1800 0,625 - - 1800 0915
Temperatue By | 10000h - a0 1600 { 0040 | 1300 | Co® | 1200 0,04
] ih 100k 1000 1
0 1300 D.030 90 0,033 350 03
20 2500 2300 2200 2100 + 20 1200 0,018 1000 o2 70 05
40 2400 2000 1700 1200 + 40 1150 0,012 900 002 <10 0.3
@ 2000 1200 500 - + 50 1000 0020 800 0,035 <2 012
. - - - +80 | 500 05 500 0.2 - 0,06
* im aligemeinen bel PVC identisch mit der Zugfestighe!l +100 4 03 <10 ¢3 - 004
" gingchieBlich srhiht schiagzihver PYCC-Typen

* wihdit schiagzah; * hochschlagzih

146 . 147
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AUSTENITISCH ROESTVAST STAAL X
Werkstofnummer: 1.4301 - AiSI 304

'ANNEX F1

Afkoelen in water of blaaswind.

Structuur na afschrikken  : Austeniet.

Algemeen Een chemisch bestendig staal, goed geschikt voor dieptrekwerk. Het is volko-

men roestvast na blankbeitsen en siijpen resp. polijsten en kan toegepast wor-
den bij temperaturen tot 300°C.
Het is daarom een roestvast staal dat in zeer veel gevallen toegepast kan worden,
zoals in de levensmiddelenindustrie, in de chemische industrie, in de bouw-
industrie, voor huishoudelijke apparaten en voor het vervaardigen van niet snij-
dende chirurgische instrumenten,

Chemische Koolstof Silicium Mangaan Chroom Nikkel

samenstelling C% "Si % Mn % Cr% Ni %

=0,06 =10 =20 17-20 9115

Mechanische Toestand | Trekvast- | Vioeigrens Rek Brinell Kerfslag

eigenschappen heid N/mm? L=5d hardheid waarde

bij Nimm? min. min. % DVM

kamertemperatuur min. J

Afgeschrikt| 500-700 185 - 50 130-180 85

Sterkte- Richtwaarden in Nimm?voor de 0,2% rekgrens en 1% rekgrens

eigenschappen bij *C. .

bij verhoogde

temperaturen Rekgrens | 60* |100° | 150° | 200* | 250" |300° |350° |400* |450* |500* | 550°

0,2% 175 | 155 | 140 | 127 (118 [ 110 [104 | 98 | 95| 82| 90
1 % 210 | 190 | 170 | 155 | 145 [ 135 | 129 | 125 | 122 | 120 | 120
Warmte- Warmvervormen : 1150-750*C.
behandeling Afkoelen in lucht.
Afschrikken : 1000-1050*C.

Lasbaarheid

Aanbevolen laselektroden/lasdraden

Elektroden 1 V2A-4302Ti
V2A NK-4316 Ti
V2A.4302 KHL
V2AX-4551 Ti
V2AX-4551 KHL

Lasdraden : Novonit 4316
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280 .
{Bladzijde 2 NPR 3189)
4 B voor metrische sch (180) grof volguns NEN §1
Tabal 2
Maten in mm
ketnmiddellijn binnendrasd
schrosidraad- {voigens NEN 3222, kiasae 6H)
middellijn sposd boormast
min. ma.

M1 025 0729 0,785 075

M 11 025 0829 0,385% 0.85

M 12 025 0929 0.985%) 0,95

M 14 03 1075 1.160% 1.1

M 16 035 1221 1.321 1.24

M 18 0,35 1421 1.521 1,45

M 2 04 1,567 1.679 1.6

M 22° 045 113 1,838 178

M 25 045 2ma 2138 205

M 2 05 2459 2,599 25

M 35 06 2,850 3.010 .9

M 4 2.7 3242 3,422 33

M 43 075 3,688 3878 ar

M 3 1] 4134 4334 42
M8 1 4917 5153 L]

M7 1 5917 6,153 6

M8 125 6847 8,912 1.3

M % 125 7.647 T.912 7.8

M0 15 8,78 8,676 a5

M1 15 9,378 9,676 a5

M2 178 10,106 10,441 10,2

M 14 2 11,835 e 12

M 16 2 13835 14210 4

M3 25 15.204 15,744 155

M 20 25 17.294 17,744 175

M 22 2.5 19,294 19.744 195

M 24 3 20.752 21,252 21

™27 ] 22,752 24,252 24

M 30 s 28211 26,771 8.5

M3 38 20.211 297N 29,5

M 36 4 31,670 32270 2

M 39 4 34670 35270 35

M 42 45 KIAF ] ar.T7h a5

M 43 45 40,129 40,739 40.5

M 48 5 42,587 43297 43

M 52 5 46,587 47,297 o7

M 56 55 50,046 50.798 505

M &0 55 54,046 54,798 54,59

M 64 8 47,505 58,305 58

M &8 & 61.505 52,305 62

1) Dit in sen niwg isaard
) M1 m. M 14 kinsse SH
§ B Hen voor matrh h d, - i niat bevoh igans NEN 51
Tabel 3
. Maten in mm
kecnmiddeltiin binnandrasd
schrosfdrasd. (volgens NEN 3222)

- iin spoed - p—y boormant
M7 035 1256 1.346 1.3
M23 04 1,795 1,820 19
M26 0.45 2.036 AN 21
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TABLE 1 Characteristics and Typical Applications of Certain Grades of Stainiess Stael Wire

302 and 302 HQ

Good corrosion resistance, a basic general-purpose type.
Can he cold-worked to high tensile strength. Good cold-
heading properties. For fasteners with simple head design,
springs, food processing equipment.

Low carbon vartation of 302. Work hardens rapidly. High
corrosion resistance, i.e., nitric acid. Good cold-heading
properties; for fasteners with simple head design,
circuitboard nests, safety lock wire.

Lower work-hardening rate than 302, 304; good for severe
cold-heading in multiple stage and for thread rolling. Work
hardens rapidly. Resists corrosion in severe atmosphere,

nitric acid, foodstuffs, For instruments, low magnetic parts.

316

Higher corrosion and pitting resistance than 304. Good
strength at high temperatures. Work hardens rapidly. Good
cold-heading properties. For fasteners in chemical

processing industries, screens for marine use, .

321 and 347

Stabilized to permit use in 800~ 1500°F (425-815°C) range.
Work hardens rapidly at room temperature. Has superior
resistance to intergranular corrosion. Used for aircraft
fasteners, rocket engine parts, furnace parts,

410

A general-purpose, low-cost alloy used where corrosion is

moderate. Cold-worked with good results. Heat-treatable.
Used for sheet metal screws, bolts, fasteners, springs, pump
parts.

430

Good corrosion, heat resist: Excellent cold-working
results. Economical where corrosion is mild. Low work
hardening. For all types of fasteners, particularly for
recessed heads. Can be upset as much as 3%:1. Resists mild
acids and water. For decorative parts,

431

. Best corrosion resistance of standard chromium types. Heat

treatable for high mechanical properties. For marine and

aircraft fasteners.
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