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Infl uence of the Applied Measurement Methodology on the Results 
of Geometric Measurements of the SB4 Spring Clips

Małgorzata OSTROMĘCKA1 , Andrzej ANISZEWICZ2

Summary
Th e article presents the results of measurements of the “b” dimension of the SB4 spring clips carried out using three mea-
surement methods that diff er in the method and width of the base plate contact. Th e results obtained are presented and the 
uncertainty of measurement for each method is estimated. Attention was paid to the issues of the obtained dispersion of 
the value of the “b” dimension. Th e tolerated dimensions are discussed. Th e proposed measurement methods can help to 
identify shape mismatches of spring clips.
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1. Introduction
Th e concept of SB3 spring clip fastening used ex-

clusively on pre-stressed concrete sleepers was devel-
oped in 1979 at the Railway Scientifi c and Technical 
Centre (now the Railway Research Institute). Its mod-
ifi cations and development are described in articles 
by A. Oczykowski [2, 3]. Th e main advantages of such 
fastening are the ease of installation, absorption of vi-
brations from the rolling stock and electrical isolation 
limiting traction stray currents.

One component of such a  fastening system are 
spring clips. Quality control of workmanship and per-
formance of the spring clips is performed in accord-
ance with the existing guidelines of the Construction 
and Commissioning Requirements according to Id-
109 Technical Conditions [6]. Th e geometrical as-
pects related to the quality of the manufactured spring 
clips have already been described in earlier studies by 
the authors [4, 5]. Some researchers [1], dealing with 
the geometric shape of spring clips, have proposed 
methods for measuring clips using an optical scan-
ner and special soft ware for dimensional quality con-
trol. However, the Construction and Commissioning 
guidelines according to Id-109 Technical Conditions 
[6] for the measurement of spring clips, which also
include their acceptance criteria, assume direct meas-
urements with workshop tools and gauges. However,

these guidelines do not include a  precise descrip-
tion of the measurement methodology, e.g.: baseline, 
which is in fact quite problematic and may provide 
many doubts about the results obtained.

2. Geometrical aspects of the actual
products

SB4 spring clips are usually manufactured by hot
forming. In the fi rst stage of the process, sections are 
cut from the steel rod, which are heated to a tempera-
ture of approximately 1,000°C and then given a target 
shape. Th e next stage is hardening, followed by me-
dium tempering at around 400−450°C and the appli-
cation of a corrosion protection coating. Spring clips 
do not undergo any fi nishing treatment that could be 
considered as precise.

Because of this manufacturing process, the shapes 
of actual products can deviate from perfect symme-
try and it can be a  challenge for the manufacturer 
to maintain dimensional accuracy. Of course, if the 
dimensions remain within the guidelines, this is not 
a problem. However, it also proves problematic to ob-
tain the correct measurement result as even a  slight 
asymmetry in the product can make it diffi  cult to de-
cide on its fi nal value.
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When checking the quality of the clips for com-
pliance with the requirements, the following dimen-
sions are evaluated: “a”, “b”, “e” and “f ”. Th ese are 
shown in Figure 1 together with the radii for bend-
ing the rod into spatial and tangential curves, which 
are also tolerated dimensions, although they are not 
included in the test protocol constituting Annex 6 to 
the Construction and Commissioning Requirements 
according to Id-109 Technical Conditions [6]. While 
dimensions “a”, “e” and “f ” usually do not pose a great 
challenge to the manufacturer, dimension “b” some-
times does not meet the dimensional requirements. It 
is worth noting that dimension “b” is a certain result-
ant of dimension “e” and the radii of the curves “R1” 
and “R2”. In addition, clips oft en have asymmetrical 
tips. Sometimes this is due to the oval shape of the clip 
tips created when the rod is cut to a  certain length, 
sometimes to the twist of the tips. Whatever the rea-
son, these inconsistencies oft en result in the need to 
measure two dimensions “b”, relative to each of the 
two tips of the clips.

Fig. 1. Tolerable dimensions of the SB4 spring clip [
Fig. A. Aniszewicz]

Th e nominal values of the measured dimensions of 
SB4 spring clips according to Construction and Com-
missioning Requirements [6] are as shown in Table 1.

Table 1
Th e nominal values of monitored dimensions of SB4 spring clips 

according to the requirements of PKP PLK S.A. WTWiO [6]

Th e nominal values of SB4 spring clips according to the 
requirements of PKP PLK S.A. [mm]

a b e f

13+2 1± 0.5 82 ± 2 34 ± 1

Th e author’s study based on [6].

3. Measurements methods
According to the guidelines, all measurements 

were made with workshop tools and gauges. Radii 
of curves are not among the dimensions monitored 
probably because of the diffi  culty of making such 
a measurement. When measuring dimension “b” we 
usually get two values, a maximum and a minimum, 

which are diff erent for both tips of the clips. It is cus-
tomary to take the mean from these dimensions to 
obtain one result for the “b” dimension. In extreme 
cases, the diff erence in value between the two tips 
may signifi cantly exceed 0.5 mm, which exceeds the 
tolerance for this dimension.

Th ree approaches were used to observe measure-
ment issues during the tests, which diff er in the way 
they were based. Th ese approaches signal that, depend-
ing on the methodology chosen, measurement can 
represent a diff erent value. During the measurement, 
base plates of diff erent widths were used to immobilise 
the clip relative to the plane so that the measurement 
could be performed. Th e base plates used were 35 mm, 
23.5 mm and 20 mm wide. Schematic diagrams of how 
to perform the measurement, including the position-
ing of the base plates, are shown in Figures 2, 3 and 4. 
Depending on the base plate width used, the methods 
were assigned the symbols A, B or C.

Fig. 2. Dimension “b” of the SB4 spring clip measured with 
a base plate 30 mm wide (method A) [Fig. A. Aniszewicz]

Fig. 3. Dimension “b” of the SB4 spring clip measured with 
a base plate 23.5 mm wide and 5 mm from the end (method B) 

[Fig. A. Aniszewicz]

Fig. 4. Dimension “b” of the SB4 spring clip measured with 
a base plate 20 mm wide and 10 mm distance from the end 

(method C) [Fig. A. Aniszewicz]

A list of the measurement results depending on 
the baseline method used is shown in Table 2.
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4. Description of results, calculation of 
uncertainty and discussion
Th e measurement results shown in Table 2 vary de-

pending on the method used. Th e clips that do not meet 
the dimensional requirements are numbered 1, 3 and 7. 
Th e remaining clips, aft er taking the mean of the meas-
urements for each method, can be considered as meeting 
the acceptance criteria. However, in the case of samples 4 
and 5, it should be noted that the results can be considered 
questionable. For sample 4 the value of the minimum re-
sult is outside the tolerance range for the A method, and 
for sample 5 when measured by the B method.

It is worth considering measurement uncertainty. 
For this purpose, the measurement for clip 4 was ana-
lysed (Table 3). For each method, dimension “b” was 
obtained as the mean result of thirty measurements 

taken for both tips of the clip. Th e results obtained 
can be described as a minimum and maximum result, 
which essentially refers to the base, i.e. tight adhe-
sion to the base plate of one of the two free tips of the 
shaped clip rod (one of the two tips of the clip). Final-
ly, a mean was drawn from these results, and the dif-
ference between the readings for both tips is a meas-
ure of the asymmetry of the clip, the cause of which 
may be, for example: vertical twist of the free tips of 
the shaped rod of the clip. Th e uncertainty, which is 
the standard deviation of the 30 measurement points, 
is calculated for minimum, maximum and mean val-
ues for all measurement methods A, B and C. Un-
certainty, as estimated by the standard deviation of 
60 measurement points, was also calculated, i.e. the 
combined results for both tips of the clips. Th e results 
of the calculations are summarised in Table 3.

Table 2
Measurement results of parameter “b” depending on the applied baseline method

Clip No

Value of the „b” parameter [mm].

A method B method C method

min. max. min. max. min. max.

1 −0.46 −0.94 −0.40 −0.67 −0.18 −0.18

2 0.73 1.20 1.10 1.46 0.96 1.41

3 −1.75 −0.81 −1.29 −0.39 −1.61 −0.68

4 0.36 1.11 0.81 1.49 0.69 1.26

5 0.60 0.81 0.44 1.00 0.85 0.85

6 0.70 0.70 0.85 0.90 0.60 0.90

7 −0.85 −0.65 −0.69 −0.53 −0.72 −0.64

8 0.95 1.20 1.50 1.60 1.00 1.45
[Author’s study].

Table 3
Uncertainties in determining the value of dimension “b” calculated for the SB4 clip No. 4

Parameter

Determined standard deviation [mm]

A method B method C method

min. max. mean min. max. mean min. max. mean

Mean from 30 
measurement points 0.36 1.11 0.74 0.81 1.49 1.15 0.69 1.26 0.98

Standard 
deviation from 30 
measurement points

0.010 0.011 0.008 0.008 0.011 0.008 0.013 0.012 0.007

Standard 
deviation from 60 
measurement points

0.377 0.343 0.290

[Author’s study].
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Th e uncertainty, of which the standard deviation is 
an estimate, for the minimum and maximum values 
is 30 times smaller than the standard deviation cal-
culated from 60 measurements. Th e diff erence is sig-
nifi cant and it is important to be aware of it, although 
similar measurement dilemmas can apply to a great 
number of other products.

Th e question arises as to whether any of the meas-
urement methods should be privileged. From the 
point of view of the positioning of the clip in the cast 
iron anchor, it is possible to see the greatest similarity 
in the positioning of the clip in measurements with 
methods A  and B (largest contact area). However, 
the clip is inserted into the anchor by placing one tip 
(right) into it fi rst. Th e other tip is placed in the anchor 
in the fi nal stage of fastening. For installation reasons, 
the geometric shape of the fi rst inserted clip tip can 
be considered decisive for the positioning of the en-
tire clip in the anchor. Very oft en the asymmetry of 
the clip tips can be observed during the installation 
of the clips in the anchor – aft er inserting the fi rst clip 
tip, the second clip tip oft en needs to be hammered 
in. For this reason, it may be justifi ed to measure “b” 
based only on the tip with which the foot is installed 
in the anchor.

On the other hand, the clip may represent diff er-
ent types of geometric inconsistencies, which can be 
monitored by observing the results obtained by diff er-
ent measurement methods. Th e diff erences in the val-
ues of the measurement results, presented in Table 2, 
show that it is most likely that the radii of the curves, 
which are not required to be checked according to the 
guidelines, have a great eff ect on the problems occur-
ring when measuring dimension “b”. Observations of 
the impact of the measurement methodology applied 
on the fi nal measurement result are useful if they are 
performed to classify and localise geometric incon-
sistencies.

It is defi nitely not a  good approach to make the 
choice of measurement methodology dependent on 
the type of nonconformity, as a given batch of clips 
may contain diff erent types of geometric nonconform-
ity. Th erefore, the most important approach should be 
to adopt a single reference point, i.e. to perform the 
measurement according to one chosen methodology. 
Th e results obtained in this way will then be consist-
ent, although they will give us less information about 
the whole geometry of the clip.

Quite an important issue is the question of how to 
monitor dimension “b”, which should be within the 
tolerance range < 0.5 ÷ 1.5 > mm [6]. Th is is a small 
range of values considering that deformation can 
occur during heat treatment. Th e issues surround-
ing uncertainty have been described previously, and 
there are two more provisions in the guidelines that 
may cause additional confusion: (…) 3.2.1.1. Impact 

marks on the clip /spring/ − deformation from the ac-
tual rod outline − from shaping tools, with a depth of no 
more than 0.50 mm, are permissible. (…); (…) 3.2.1.3. 
Fractures, sharp hollows, cracks and tears deeper than 
0.3 mm and other material defects visible to the naked 
eye are unacceptable (...).

However, dimension “b” is precisely the one re-
sponsible for the main task of the clip, i.e. pressing 
the rail against the sleeper. Th is function is checked 
only by the dimensional aspect, since the test of the 
clamping force provided for in the guidelines is im-
plemented in a way that excludes its association with 
dimension “b” [5]. Th erefore, monitoring this dimen-
sion is necessary, however, it is worth considering the 
verifi cation of the range in which the correct result 
should fall, while taking into account all doubts so 
that all entries become consistent.

5. Conclusions

Th e title of the article states that the methodology 
used to measure clips aff ects the measurement results 
obtained. Table 2 shows the results supporting this 
thesis. Th ese diff erences may sometimes appear small, 
but in the case shown in Table 3 the extreme values 
for the mean values of the measurements obtained by 
the A and B methods diff ered by more than 55%. Th e 
procedures associated with the execution of tests and 
measurements should be suffi  ciently unambiguous 
to leave no doubt as to the value of the result. Th is is 
an important issue not only for the body making the 
measurements, but also for the manufacturer who, in 
the case of receiving a negative product assessment, is 
forced to implement actions modifying the produc-
tion process. Th is oft en involves high costs. On the 
other hand, during the execution of tests sometimes 
the only indicator of non-conformity is when the di-
mensional tolerance for dimension “b” is exceeded. 
Th e following conclusions can be drawn from the 
tests performed:
1. Th e use of diff erent baseline methods provides 

greater opportunities to identify and locate geo-
metric inconsistencies in the clips.

2. A uniform measurement methodology, which as-
sumes a uniform baseline, should be used to test 
a  given batch of clips, with the guidelines being 
supplemented by the proposal of one well-defi ned 
baseline.

3. Th e acceptance ranges for dimension ‚b’ should be 
reviewed. On the basis of the tests performed at 
the Railway Research Institute, the extent of this 
verifi cation cannot be clearly assessed. It is there-
fore appropriate to conduct further research in this 
direction.
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