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(overview)
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Aims and goals

Aims:

Spring test is an often needed test during
the quality check of incoming goods or
during maintenance tasks

Goals:

The test must deliver height of unloaded
spring, load within limits at specified
heights (work load test) and height within
limits at specified load (block length test)
for different specimen (varying materials,
varying dimensions, varying design). Before
performing the measurements often the
springs have to get conditioned according
to specified rules.

The testing procedure shall run as much as
possible automatically. Results should get
exported continuously and a report shall
get generated after end every test batch.

The Chatillon UTM CSZ is a perfect solution for easy to use and accurate spring test.
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Spring N° 1

The following example
shows how to perform
this test as a very small
spring, which is used in
automotive injection
systems.

But this procedure is the
same like e.g. testing
very large springs from
airplane brakes.
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Specification of spring N° 1

1 - 1.4 £0, I5N
FEDER VOR ERMITTLUNG DER fé 3 l 025 o agn
KENNWERTE Sx AUF L2 GEDRUECKT. /— . :

___l R - 2,598 N/MM

3N <] < Requirements:
c: n m Height of unloaded spring: 9,98 mm
B o

load at height 1 (9.4mm): 1.498 £ 0.15N
(1.348 to 1.648 N)

load at height 2 (8.4 mm):  4.08 £ 0.20N
(3.88t0 4.28 N)

Spring rate: 2,598 N/mm
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Defining the testing procedure

Priffsetup Rev. Datum: 20022018 Readings and results are strongly depending from the
Mame der Prifung: -Feder 2 mit Konditionierung Status: Setup rev.V1 . o
test setup. For quality assurance systems and traceability
e it is important as to have a clear and understandable test
TESTEINSTELLUNGEN R e setup documentation, in particular for ISO 9001 systems.
* g Tast Name: reder JENIN Tvp=_tond sc
Bild Dateinams: Federz
Vo gyt mri | oo Therefor we have created two easy to use and easy to
Minimzle imierg ? nein .
e toors understand forms, a setup data table (lefthand figure)
I and a flow diagram (next slide).
absplyskoprdnaiEn’ nein
SRenzeN BT O e - . . . . .
e e T Y The table includes 4 sections (basic settings, limits,
' o B XS B TR results and export/archiving) added by the related setup
Rampe? JEl JEl
page screen shots.
= erenzwert Bruch scharf?
erenzwert Bruch weich? ind
Start Brucherkennung in M2 . . . . .
[hts s _ 1 The limits section includes the stages and each stage is
Vot D i defined by direction or cycling and the special stage limit.
Halten kraft:
Haltzn weg
_ gt The result section includes at maximum 5 results. Each
FroraE — o N B result is defined by the related stage, the internal name
L] Stufa: 1 5 & ] . - - - . .
ot 780 T T and the visible name and if given, by the limits.
Titel HO F1 F2 c
anzeigen? X X X X
MNominal
e R These table found a very high acceptance by users,
i o e —— S because it shows very clear and easy all setup data from
EXPORTIEREN [ ARCHIVIEREN Export-Ffad: W higgwers ) baenegortcs? 0=z
- | &utg=ep. nach jedem Run? 18 the test-
- EEHCS\"? &
- EEHPDF? 1A
- Expart Rs2327 NEIN
- Exportspezifikation Inkl. Statistik
Archivierung nach n Tests? MEIN = das wird manuell gemacht
Bericht beim Archivieren? 1A
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Defining the testing procedure

The flow diagram includes 5 sections from left to right: main test points, important distances, picture, start
positions (test run or datum measurement) and the test stages. The test stages show the crosshead travel
(arrows), the test parameters (speed, limit, repetition) and the results generated in each stage.

prifablauf fir Prifung: [JJl_F=der_2|

Marken Abstinde Grafik Prufaufbau Start | Stufen | 3 [ ]
relativ pos. |[ 1 patun L1 [0 [=T 21 [=1 [Tretum
%
/ Test F v |
e 4 - Measure N o L1 Imo-50)
m e Co T Datum pgsition? # ? == A4
] ]
PL . -y | TJ,\];, o o
- - .
-—=r C——— I
b b 1 El (g
P . £l (e
H i i i | E ‘:,4|1||1_|. © “r“:,
9,4mm L= i RPN W—— E
Tgi ":3’ : E = gamm .
i = . S — E £
= 1 = B o E E4
o o - i £ =N I
8 - fj_' ! R 2
i i Sl N — LR
3 = T R ] D
E4mm ) 'L.é oL | for W, S B,4mm
| - | E_4.mm
< p |
i I
H— T I
. b i
| i ] : Datum NI
E_t__| L Mezsure, N
E | Datum position ? y"f
| ] . )
pawm > @48 paum >6—0
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Creating a testing fixture

Testing springs requires a perfect deformation of
the spring (no break away, no friction),
particularly when testing very flexible springs.

The pictures left-hand show a simple but useful
improvisation of a guidance for a very small and
flexible spring, a rod-bush-system.

The challenge of this systems is to have on the
one hand a very safe system, means no axial
crash between rod and bush and on the other
hand a minimum of friction. So the guiding
system must have a self adjusting.

The fixture will be used for three tests, first a
friction test a s to validate the impact of friction
to the test results (middle top), second a datum
test as to get the datum position and third the
reals spring test (middle below).

Please note, this improvisation is ok for pre-test,
for practice there will be used a final developed
industrial fixture.
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Validation of testing fixture — guidance friction test

The friction test shows that the impact of friction to the load readings is within the range of 0,01N and
less.

This friction test must be performed when the fixture was touched in any way, e.g. dismounted from the
test machine or adjusted in any way. It is recommended to report this test as to allow traceability of the
spring test results. This is easy to solve by a special friction test setup and automatically export the test
screen as PDF like shown below. The stored PDF file includes a time stamp as to allow traceability.

Feder_Einrichtung_kurz.2 Chatillon I 4

HINWEISE

F-r1 -0,003

F-r2 -0,011
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Validation of testing system — stiffness compensation

Often test results do not meet the spring
specification. But this is not true if a test machine
was used without a good stiffness compensation.

The Chatillon CS2 machine itself is very stiff. But

there a two other impacts, the functional

deformation of the load cell and the deformation

of the fixture.

-110-100-090-0.80-0.70-0.60-0.30-0.40-030-020-0,10 0.0 0,10 : Itis necessary to note that also very small loads
N cause significant deformation at low load cells!

The CS2 testing machine supply a very good and
with vs. without compensation easy to perform stiffness compensation function.
For adjusting the stiffness compensation the spring
S guidance fixture will be used without an inserted
spring and a special compensation test has to be
used. To the left you see a diagram showing the
measurement using a 10N load cell both with and
without stiffness compensation. Without stiffness
compensation the deformation mistake will be at a
range of some tenth millimeters, what is often
more than the pass-fail range of the spring! When
AT S P P using the CS2 stiffness compensation the mistake is
extansion from preload less than 20 microns!

load
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Test setup (screen 1 and 2)

Test-Name: _Typ2_kond.2-SC

e oo ] [ otz st Basic settings: height modus, C1kN stiffness

) (] Mininsie Dstenrmpirmersng o compensation, test name, Link to test picture,
@ . l: Streckung
aaaaaaaaa vospeeict @ Ie Q] pre-load (load and speed), data rate, no zero due
P m— vorsparngesi. ()| 10000] € o to height modus, auto return after test finish
v

BEARBEITEN

E—— TR T

Screen 1: Basic settings

Absolute Entfernung

Test stages can be added to the test sequence:
1 and 2 = compression (pre-conditioning),
5 3 = cycle (preconditioning)
.#2 ) 4and 5 = compression (test results)
Each stage has a separate window for test
R — )g parameters like test speed, test limit and ramp at
o | stagel, 2,4 and>5. Stage 3 parameters are stage
at start of cycle and numbers of cycle.

Nullstellung ()

ol

Screen 2: Test stages

Testgeschw. @ 50,000 @‘mmml [ Testgeschw. @ 50,000 @‘mm,w Zyklus l Testgeschw. @ 5,000 @‘m,mml l Testgeschw. @ 5,000 @‘mmmm‘

QO st ) istanz O st () istanz Start-Phase 1 O st ) pistanz O tast (O Distanz
@ teight () Ohne Grenzen[ | Verlangsar (@) Height (0) Ohne Grenzen[ | Verlangsar @ Anzshi Zykden s (®) Height (0) Ohne Grenzen[/f] Verlangsar (@) Height (O) Ohne Grenzen[of] Verlangsar

o QIR | | e QEEMOE]| |0 o ) e QI ©)| ‘ v @8 Q)
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Test setup (screen 3)

1
K Result at stage 1: HO = height of unloaded spring
nzeige . . .
no pass/fail criteria
‘1 Kompressions Phase '| @ winvviae| Min @ 0,000|© o ‘
| Hohe beiVorast (4P| O s Result at stage 4: F1 =load at end of stage
Label 0 e @000 Qo pass within 1,384 to 1,684 N
2
Result at stage 5: F2 =load at end of stage
Aoosge pass within 3,880 to 4,280 N
|4 Kompressions Phase '| ‘ Min P [ -
|LastanderGrenze(L) '| @ - @ ' I© ReSUIt at Stage 5: C = Sprlng rate
Label F1 O v | vex @) s @] between 9,34 and 8,45 N
\ no pass/fail criteria
Anzeige
:5 Kompressions Phase & @ MinMax | Min @ 3,8&%@ N ‘ .
Last an der Grenze (L) h
- Oveelve @ @+ | NNIGNG—G_ 1]
4 O Percentage of Design Force
O Percentage of Design Distance
Anzeige
. f (@ Height
5 Kompressions Phase '| @ Minvviax | Min @ 0,0M@
|Federrate (SR) -| O - Unterer @ 8,450 @’ mm |
Label C NS Max @ﬁ@ Oberer @ 9,340 @‘ mm

Screen 3: Results

Spring test using CS2 UTM from Chatillon
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Test setup (screen 4)

N \Datenexport_CS2\: | Durchsuchen
Auto-Export
csv Andere Export Typen
Freigeben D RS232

|:| Ergebniskopfzeilen nicht exportieren Grafik (.pdf)

[:] Anhangen exportieren Auto Archivierung

Create Report

Auto-Archiv nach @ 500@ Testlaufe

|:| Exportieren ohne zeitstempel
[:I Export ohne laufen #

Statistiken berticksichtigen

Screen 3: Export and Print

By ond2- W
SC

10/7/18 23:14
13

Auto-Export after each run

This deliver automatically two reports after
the run has finished:

> screen shot of graph and results as PDF

> |oad-extension readings table as CSV.

Auto Archiving after 500 runs (this is the
preset number and also the maximum ...)
But print a report and archiving can be done
also manually by soft-button. In this case
two reports will get generated:

> PDF report incl. statistics (report layout)

> CSV report incl. statistics

These only 4 speedy-to-fil-out setup-
screens will supply a complete spring test
inclusive stiffness compensation, height
modus and conditioning as to get precise
results. The test can be set in the test
library as a favorite (golden star), what will
offer this test directly at the start screen.
Not necessary to pick up the test from the
test library. Very easy and fast!
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Test performance

Now the test can get
started at the CS2 start
screen from the favorite
menu.

fede Prburg Ty g
1kood2

« k| 3
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Test performance (Preparation)

P1: Open the fixture, insert the spring.

P2: Position the bush appr. 2mm above the spring,
then zero the system.

P3: Open the fixture, then remove the spring.

P4: Position the bush appr. 1-2 mm above the
Datum position, then start the test.

Confirm Datum position measurement:

?A..—

kten stelle positioniert ist und driicken dann

P5: Stop the test and open the fixture.
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Test performance (Running)

R2 R3 R4 R5 R1: Open the fixture and insert the spring.

R2: Return to zero position, then start the test.
Refuse measuring the datum position again.

R3: The crosshead will cycle, so the bush will
compress and decompress the spring five
times.

R4: The crosshead will travel in a first step to a
spring height of 9,4 mm an measure the load.
Then in a second stage to 8,4 mm an measure
the load.

R5: The test will finish in the zero position.

IMG_2711
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Test graphs
Each run can be present by three diagrams: A = height vs. time, B = load vs. time, C = Load vs. height.

A: Crosshead started at height appr. 11,7mm. In stage 1 it traveled to 8,4 mm. At the pre-load-point the
height of the unloaded spring was measured (HPL.1) and show as HO result. Then the crosshead has cycled
between 8,4 and 9,9 mm. In stage 4 and 5 the load was measured at height 9,4mm (L5) and height 8,4mm
(L6) and shown as result F1 and F2. Last the spring rate between L5 and L6 was calculated and shown as C.

B: HPL.1 mark the pre-load point at 0,05N. The load results (L6, L7) are within the pre-conditioning load span.

C: The load-height graph show the hysteresis of the load during the cycling of appr. 0,25N. This is not the
friction of the fixture (0,01N). The readings during the measuring stage are in the middle of the hysteresis,

what may be due a good conditioning and an enough slow compression speed.
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Test results

After the test of 10 springs was finished,
the results was shown in the result
table. What happened?

Two tests (1, 5) have been excluded due
to any fail in operation. These lines are
yellow backlighted.

Five springs (test run 4, 7, 8, 10, 12)
have passed. This is green written.

Five springs (test run 2, 3, 6, 9, 11) have
failed. This is red written.

The length of the unloaded springs
(HO), what was measured using the pre-
load at the first test stage, are at length

Show single test run (graph and result). of 9,65 to 9,91 mm. Note, the nominal
length of the spring is 9,98mm. These 5
Show batch result table. too shorten springs have failed.

The other 5 springs are at unloaded
length of 9,94 to 10,01, what is more
Exclude a run. close to the nominal length of 9,98 mm.
These good 5 springs have passed.

Show statistics.
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Seriennummer: 5225 5/Mo.6B1 Bediener axal
2 Gestell-Kapazitit: 1000 M Datum  2018-02-22 16:12:03
Zelle Seriennummer laden: ZLE0042
Wigezellenkapazitat 100N
Statistik-Testergebnisse
3 Testlaufe: 12
Bestanden: 5
Hicht bestanden: 5
Ausgeschlossen: 2
Ergebnis Max Min Ber. Durchschin. Stdabw. KOV
4 HO {mm) 10,01 9.65 036 g4 014 146
F1 (M) 1.561 0,628 0533 1,136 0386 33,036
F2 (M) 4043 3108 0835 3,647 0,384 10,530
C (N/mm} 257 248 010 251 003 1.1
TESTERGEENISSE
HQ F1 F2 C
Starten imm) N} iN) iNfmm)
i
2 9,65 0.628 3108 250
5 3 967 0,741 3218 249
4 10,01 1561 4043 248
(51
[ . 3,804 250
T L ATS 3.970 252
a 094 L AD1 3,963 257
g 9,68 0,666 3214 249
10 5.5 459 39738 254
11 968 0,645 3193 248
12 458 | AT2 3982 252

The CS2 software deliver an easy and fast to
finished report, showing:

1 test name

2 equipment and processing specification
> machine typ, SN° and frame capacity
> |load cell SN° and load capacity
> operator and operation date

3 overview
> number of runs total
> number of passed and failed runs
> number of excluded runs

4 statistics
> Mean, Max, Min, and Range
> standard deviation and COV

5 results of each run

The layout is fixed, but can include a
customized logo. In the lefthand figure the
backlight colors mark passed (green) and
failed (red)springs.
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What advantage can you get from the CS2 machine?

D N N N N NN

v
v
v

Various possibilities for fixture adaption

Wide range of load cells with optimum load capacity, plug & play

Very easy and fast test setup

Library of different types of test stages, a.o. useful for pre-conditioning of springs.
Very easy operation.

Precise stiffness compensation, a.o. for testing springs within narrow pass/fail
confines.

Automatical measurement of datum position, e.g. for precise spring height axis.
Accurate crosshead positioning at the target positions, using ramps.

Very easy and fast report generation.

Somebody may say, also a test setup without height measurement, pre-conditioning and stiffness
compensation may work. But this will fail.

If a spring is a little bit too short, like shown above, a distance measurement from a zero point or from a
pre-load point could deliver right results, but when assembled in the final product the spring could fail.

Regarding precise stiffness compensation and pre-conditioning, see next slides, what will happen if the
test system will not have or not use theses features, supported by the CS2 machine.
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The right method: pre-conditioning + stiffness compensation

-Typz_kond.Z-SC The report lefthand once more show
Seriennummer: 5225 5/No.681 Bediener axel the |"|ght detec‘“on Of bad Spr“’]gs
Gestell-Kapazitit: 1000 N Datum  2018-02-22 16:12:03 using pre-conditioning and stiffness
Zelle Seriennummer laden: 2LB0042 Compensat|on.
Wigezellenkapazitit 10,0 W

Statistik-Testergebnisse Remember: We found 5 good and 5

Testiaute: - wrong springs, what was conform to
Bestander: (G the measured length (height) of the
Nicht bestanden: 5 unloaded springs. The nominal length
Ausgeschlossen: 2 of the springs is 9,98 mm.
Ergebnis Max Min Ber. Durchschn. Stdabw. Kov . . . .
HO (mm) 10,01 965 036 584 014 146 5 springs passed right due to its right
F1 (N) 1,561 0,628 0,933 1,136 0,386 33,936
F2 (N) 4,043 3,108 0,935 3647 0,384 10,530 len gt h
C (N/mm) 2,57 248 0,10 2,51 0,03 1,11

(green marked, green arrows)

TESTERGEBNISSE 5 springs failed right due to its too
Ho Fi F2 c hort length.
Starten (mm) (N) (N) (N/mm) ~NoTt ieng
— (red marked, green arrows)
2 ¢&—p 955 0,528 3,108 2,50
3 «—> 98 0741 3219 249 Each line is either completely green or
4 +—» 100 1,561 4043 248 .
=) completely red marked, what is a
8 4—p 991 131 3,804 2,50 H
<« > & — = g perfect detection of good and bad
8 —» 9% 1,401 3,963 2,57 springs,
9 4¢——» 968 0,666 3214 2,49
10 €—» 535 1,459 34978 254
11 «—» 9568 0,649 3,193 2,48
12 &—» g9 1472 3,982 2,52
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Wrong spring testing due to missed stiffness compensation

Feder_TypZ_kond

Seriennummer: (CS225 S/No.681 Bediener axel

Gestell-Kapazitat: 1000 N Datum  2018-02-15 18:15:39
Zelle Seriennummer laden: 2180042

Wagezellenkapazitat 100N

Statistik-Testergebnisse
Testlaufe: 12
Bestanden: 2
Nicht bestanden: 9

Ausgeschlossen: 1

The report lefthand shows the results from the
test of the same spring batch like shown some
slides above plus one more spring.

Now, without stiffness compensation, we see:

2 right passed springs (3, 6), instead of 5!
apparent unloaded length 9,99 to 10,03 mm
(green marked + green arrow)

5 right failed springs (4, 5, 7, 8, 11)
apparent unloaded length less 9,8 mm

Ergebnis Max Min Ber. Durchschn. Stdabw. Kov
HO (mm) 1005 967 038 987 015 1,51 (red marked + green arrow)
HOb (mm) 10.74 967 1.06 996 0.29 2.88
F1(N) 1474 0,608 0.866 1.085 0.377 34,754 . .
F2 (N) 3,922 2959 0,963 3485 0.406 11,642 4 wrong failed springs (2, 9, 10, 12)
S o . s - e e apparent unloaded length 9,97 to 10,05 mm
|
TESTERGEBNISSE red arrow:
Starton . i 41 = il 4 of 6 good springs with unloaded length HO
= close to the nominal length failed at F2!
2 4—p 997 997 1416 3,820 242
3 “—» 1003 9,98 1,408 3,903 2.51
4 «—» 968 9.68 0612 2,959 236 .
5 «—>» 967 967 0608 2.963 234 Note HOb was a 2" dynamic measurement of
6 “—» 999 10,10 1456 3,922 246 .y . .« .
7 «—> 970 073 069 309 234 HO after pre-conditioning was finished. At
8§ «—» 913 9,92 0,768 3203 239 H H
S <« & tra o o i nearly all runs this has confirmed the HO
10 «——> 997 1074 1399 3789 239 measurement at the pre-load point.
1N <¢—» 976 973 0,691 3,055 234
12 «—» 1005 10,04 1,474 3,868 238
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What is stiffness correction doing?
How to explain the wrong results when testing

springs without stiffness correction?
Due to the deformation of both load cell and fixture,
the crosshead travel is less then the target value for
{a F2 /7 the spring compression. So the load is too low.
If we correct the achieved load from the previous
slide manually by the load correction, we will get
consistency between the expected pass/fail of each
1.648N line due to the good/wrong spring length with the
1.348N MJ pass/fail of the corresponding load.
- 0,06 o Righ; 1,35 min I]:.:|3-5 3,88  min F3288
pass . , . .
1 O O35mm O 09mm fail 1,65 max 1,65 4,28 max = 4,28
extension from pre|Oad reading corr reading corr
2 1,416 0,091 | 1,507 3,820 0,232 4,054 F2 well corrected.
3 1,408 0,091 @ 1,499 3,930 0,232 4,164 No change
. | 0,612 0,091 0,703 2,959 0,234 @ 3,193 No change
: . 5 0,604 0,091 | 0,695 2,963 0,234 3,197 No change
Load correction: 6 1,456 0,091 | 1,547 3,922 0,232 4156 No change
% -_— 7 0,696 0,091 0,787 3,059 0,234 @ 3,293 No change
Oogmm 2'598 N/mm - 0'234 N E:} 0,768 0,091 0,859 3,203 0,232 3,437 No change
k -_— 9 1,406 0,091 1,497 3,800 0,234 4,034 F2 well corrected
0035mm 2'598 N/mm - 0'091 N 10 1,399 0,091 1,49 3,789 0,234 | 4,023 F2 well corrected
11 0,691 0,091 0,782 3,055 0,234 3,288 No change
12 1,474 0,091 | 1,565 3,868 0,234 4,102 F2 well corrected
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Absolutely wrong - no stiffness compensation + no pre-conditioning

Feder (NI Typ2

Seriennummer:

Gestell-Kapazitit:

CS225 5/No.681
1000 N

Zelle Seriennummer laden: 2LB0042

Wigezellenkapazitat

100N

Statistik-Testergebnisse

Testlaufe:

Bestanden:

10
0

Nicht bestanden: 9

Ausgeschlossen: 1

Bediener axel

Datum  2018-02-15 14:43:40

Ergebnis Max Min Ber. Durchschn. Stdabw. Kov
HO (mm) 10,02 9,71 0.31 9,96 0,09 0,90
F1 (N) 1427 0,640 0,788 1.301 0,235 18,088
F2 (N) 3,878 3010 0,868 3.716 0.254 6823
C (N/mm) 2,50 235 0,14 241 0,04 1,78
TESTERGEBNISSE
HO F1 F2 C
Starten (mm) ™) ) (N/mm)
1 €«—» 10,00 1.384 3779 237
2 «—» 997 1.343 3,760 243
3 «—» 99 1.395 3.843 2,50
4) <—>» 968 0.560 2922 2,34
5 «—» 1002 1427 3.878 246
6 «——» 971 0.640 3.010 2,35
7 «—» 1000 1412 3.822 240
8 «—» 997 1.381 3,786 240
9 «—» 999 1,338 3,728 2,38
10 «<—» 10,00 1.387 3.839 243

Spring test using CS2 UTM from Chatillon

Lefthand we see the results in case of
testing the same 10 springs without
stiffness compensation and without
pre-conditioning.

Due to the too short length 5 of these
10 springs should pass. Without
Stiffness compensation we had seen
still 2 passing.

Now without both, ALL springs fail !!!

Additionally we see only 2 too short
measured springs, all other springs
seems to have a right length, but this
should be a wrong good result due to
the missed pre-conditioning.

Even if nearly all length are “ok”, all
springs are “bad”.

Due to this confusion, it’s not possible
to check the quality of springs by only
measuring the spring length.

A pre-conditioning must be performed
before testing length and load.

23
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Spring N° 2

The following example
shows the nearly same
test, like done with
spring N°1.

This is again a very small
spring, also used in
automotive injection
systems.

In this test we have the
challenge due the very
low load range (F1 and F2
less 1N) combined with a
very low pass/fail
window.

Additionally the test
includes measuring the
height at a maximum
load close to the block
length.

So the test is similar to
spring N° 1 added by one
more stage.
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Specification of spring N° 2

An other ....

Requirements:
Height of unloaded spring:  11.13 mm

load at height 1 (5.90 mm): 0.8 £ 0.06N
(0.74 t0 0.86 N)

% ! g load at height 2 (5.05 mm):  0.93 + 0.04N
B [ F2=083:004 (0.89 to 0.97 N)
\__Fc-1.281N Height at load max (1.281 N): >= 2.75 mm

= before block length

Federrate R« 0.153 Nmm

LO~ 1110
L 5900
7008

e Spring rate: 0.153 N/mm
g G
5
3
(OB ERMITTLUNG OER FEDER- KENNWERTE, WUSS
-;- V7 ;:Ese 5-1:?"&2 Le Jstn:::'l RERDEN
I b':‘.: —
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Seriennummer: 5225 5/Mo.6a1

Bediener axel

Feder-Typ1_kond.ZSC

www.ametektest.de

AMETEK
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Gestell-Kapazitit: 1000 N Datum  2018-02-22 15:19:37
Zelle Seriennummer laden: 2LB0042
Wigezellenkapazitit 100N
Statistik-Testergebnisse
Testlaufe: 1
Bestanden: 7
Micht bestanden: 3
Ausgeschlossen: 1
Ergebnis Max Min Ber. Durchschn. Stdabw. KoV
HO {mm) 11,29 11,05 025 11,20 0,09 076
Hend (mm) 3,51 3n 040 323 0,13 413
F1 (N} 0,855 0,804 0,051 0,825 0,014 1,696
F2 (N} 1,003 0,947 0,056 0,967 0,07 1,725
C (N/mm) 0,18 0,15 003 016 0,01 517
TESTERGEBNISSE
HO Hend F1 F2 C
starten (mm) (mm) N) M) (N/mm)
(1
2 11,14 323 0,824 0,956 0,16
3 11,20 in 0810 0,956 0,16
4 11,05 3,15 0814 0,955 016
5 11,05 3,14 0,820 0,947 0,15
6 11,26 3,19 0,825 0,966 017
7 11,29 351 0,855 1,003 0,15
8 11,19 in 0,804 0,953 017
9 11,26 317 0,836 0,973 0,16
10 11,29 3,19 0822 0,969 018
1 11,24 345 0,835 0,989 017

The report shows the results from the
test of 10 springs. Run 1 was excluded.

Pass criteria

F1:0.74t0 0.86 N
F2:0.89t0 0.97 N
Hend: >=2.75 mm

7 of 10 springs passed.

3 of 10 springs failed.
From this 2 springs very clos to pass.
All 3 springs are at upper HO values.

The HO average value (11,20mm) is very
clos to the nominal length of 11,13 mm.
The spring rate (0,16 N/mm) is very close
to the nominal value of 0,15 N/mm.

The COV'’s of the direct measurements
are less 5%.

This may show, a CS2 is also perfect for
precise measurement of very low load
and height gates.
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Spring N° 3

The following example
shows the test of a larger
and more stiff spiral
spring, using a CS2 testing
machine, particularly:

> repeatability of results
> CSV graph data export

test Frame capacity 1000N
load cell capacity 1000N

Test between plates

Pre-load 1N ~
Pre-load speed 10mm/min |

extension coordinates

Four test points

> extension 0.8 mm
> extension 1.6 mm
> extension 3.2 mm
> extension 6.0 mm
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Test setup, test graph and results

i
I |
L Testgeschw. 10,000 . men/min
Testgeschw 10,000 nejrmin
Testgeschw. 10,000 . mein
@ Testgeschw. 10,000 e /min
. — (O st (@) Distanz  (C) Ohne Grenzen
- - - Last (@) Distanz ) Ohne Grenzen
3 ~ = —~ L e \_
(O Lest (@) Distanz () Ohne Grenzen ;
(O st (@) Distanz  (C) Ghne Grenzen - Distanz 6,000 mn
i Distanz 3,200 ma
4 _ Do 00 ©) @ _
Distanz 0,800 mm — _J_ Werlangsamen
p— | Verlangsamen
|| verlangsamen —
|| verangsamen

A 7 Spiralfederstufen komp SECRON The sequence of this test includes
e || e | 4 compression stages with
distance limits, each stage with
ramping as to get a precise
positioning at the requested
distance.

FO.8 = load at distance 0.8mm

F0.8 97,6

- ; T F1.6 = load at distance 1.6mm
F3.2 427,7 7 . 7 | F3.2 =load at distance 3.2mm
R | F6.0 = load at distance 6.0mm
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Results and Statistics - repeatability

The result table (figure left-hand) shows all results for
each test. A good repeatability is already visible.

The Statistics table (figure below) give precise data for
the statistics. Like Maximum, Minimum, range,
Standard deviation and Coefficient of variance.

Even if the spring was turned and the stiffness
compensation was used, the achieved COV’s for all 4
results (0,5% to 1,4%) are very good.

The CS2 machine can deliver very good repeatable
results.

Spiralfederstufen Chatillon I .

F&0 (N)
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Graph data export to CSV

A B c D
1 |Zeit (s) Kraft (M) Machinenweg (mm) Weg ab Vorlast (mm)
Test-Name Sp ralfederstufen kOHI[) 1176 11,69 97,61 1,628 € 0,797€
177 11,70 97,61 1,629€ 0,797€
Test-Bild: Durdhsuchen 1178 11,71 97,61 1,629€ 0,798 €
— ) 1179 11,72 97,61 1,629€ 0,798 €
M Minimale Datenkompirmierung 17T 11,73 97,61 1,630€ 0,798 €
1181 11,74 97,61 1,630€ 0,799 €
1182 11,75 97,61 1,631€ 0,799€
Vorspannkraft 1,000 N 1183 11,76 97,61 1,631€ 0,800 €
1184 11,77 97,61 1,632€ 0,800 €
1185 11,78 97,61 1,632€ 0,801 €
Vorspanngeschw 10,000 O o e 1186 11,79 97,61 1,632€ 0,801€
1187 11,80 97,61 1,633 € 0,801€
1188 11,81 97,61 1,633€ 0,802€
Oaxenubemag.mgsra(e 100 Hz 1189 11,82 97,61 1,634 € 0,802 €
: 1190 11,83 97,61 1,634€ 0,803 €
. . 1191 .
Setup screen 1: Basic settings 122 For some reasons, e.g. graph overlay print, a graph
e data export is needed. Enabling Auto-Export + CSV will
105 send the graph data automatically to the destination

ede_20180404\Spiralfeder_Stufen_mits{

folder, specified at setup screen 4.

[V] Auto-Bxport The CS2 software automatically add a timestamp to
e Andere Export Typen this file, if not other avoided in setup screen 4.

[J_ Freigeben :l RS232

[—-_ Exgebniskopfzeien nicht exportieren [f] Grafk (pa This export file contain a table for time, load, machine
|_ Anhangen exportieren Auto Archivierung eXtenSlon and extens|on_

| Create Report

) @ The number of lines is according to the data rate in
Auto-Archivnach L% . . o .

basic settings, e.g 100 Hz, specified in setup screen 1,
gives a time resolution of 0,01s.

Exportieren ohne zeitstempel
| Export ohne lauten @

Statistiken berlicksichtigen

Setup screen 4: Export settings
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Overlay graph from exported graph data

500

829,4+4,74N

800

700

sod From the exported CSV Excel can make any
/ diagram, you can design.

The diagram at this slide show the overlay

500

_ 127322550 | graph from the 6 runs, the results at each of
*_g 409 . the 4 test point and the related standard
’ deviation.
300 Additionally, a loop shows the graph overlay

at the 4 measuring point with a range of 100
microns respective 15N.

202,1+1,89N

As the diagram show, the CS2 testing machine
is able to deliver very repeatable results.

05 -03 -01/01 03 05 07 0% 1,1 1,3 1,5 1,7 1,9 2,1 2,3 2,5 2,7 2,9 3,1 3,3 35 3,7 3,9 41 43 45 47 49 51 53 55 57 59 61 i

-100
extension [mm]
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Spring N° 4

The following example
shows the test of a batch
of wave springs, using a
CS2 testing machine,
particularly:

> CSV result data export

frame capacity 1000N
load cell capacity 250N

Test between plates

Pre-load 1N
Pre-load speed 10mm/min

height coordinates

Three test points
> height 3.5 mm
> height 0.9 mm
> height 0.6 mm

The challenge is the very
small height close to the
datum position at two
measuring points.
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Test setup (srceen 2, stage limits) and test result
=k O = @.“m.«n.... Testgeschw. 1o.nnnm.,,,-,n.n

r

Testgeschw. 10,000 emin

® ) Last () Distanz
J Last () Distanz - )
9 O = - i
() Distanz - - ®) Height () ne Grena
Lo L) i ® Height () Ohne Grenzen[of] Verlangsan & =9t () Ofne Gre enfof| Verangsanm
(®) Height () Ohne Grenzen[of] Verlangsarr .
Height DO 00| m l Height 0,600 ()|

‘ 50 ©) =

™ & O S—— . The test procedure includes 3
= i L compression stages with height
limit and ramping.

A HINWEISE

Stage 1 (result L1) mark the point at
which the spring will assembled.

Stage 2 (result L2) mark the
P35 2,1 ‘ normally expected maximum
fz o compression.

F0,6 19,7

Stage 3 (result L3) mark the
maximum allowed compression.
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Test setup (screen 3, results and pass fail criteria)
1 21
(] Anzeige

20
19,3+ 0,40N

1 Kompressions Phase 4 (_:.:’ MinMax| Min Lm N j
Last an der Grenze (L) N _\ : g
Label F35 b | @ 3'°°° . N
2 13 13,2+ 0,50N
ﬂ Anzeige 12
2 Kompressions Phase 2 |@; Minax | Min 11”@‘ N % 10
Last an der Grenze (L) & =2 4
) variance | pa 17,000 N Loop range:
Label [F0.9 - T 0,2mm resp. 3N
3 5
of | Anzeige i
3 Kompressions Phase -:i-) MM | Min 12,250 @ w | 3 T
Last an der Grenze (L) sl ) ) ] e
Label FO,6 Q) nce | pta 12250 O " i 3,5mm
05 -0, 1, ) A 5 " 4 3 - - ’ 4 . ’ ¢ i he_‘ém [I:ﬂm] B i i i , s i . i
Result at stage 1:  F3.5 =load at end of stage; pass within 1to 3 N; measured 2 £ 0,0 N
Result at stage 2: F0.9 = load at end of stage; pass within 11to 17 N; measured 13,2 +0,5 N

Result at stage 3: FO0.6 = load at end of stage; pass within 12,25 to 32,25 N; measured 19,3 +0,4 N

Even tough the load pass window is quite wide, a wrong height measurement (e.g. deviation of 0.2mm)
could push the results at L2 and L3 to fail. Due to this a very good stiffness compensation is mandatory.
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CSV result data export

| Dur

Ii Aute-Export

sy Andere Export Typen

|-\f Freigeben ::l R5232

,__ Ergebniskopfzeilen nicht exportieren 7‘ Grafik [ pdf)

|_: Anhangen exportieren Auto Archivierung

l__ Exportieren ohne zeitstempe Jl Create Report

| Export ohne laufen & Auto-Archiv nach

Ii‘ Statistiken ber(cksichtigen

A B i D E F G

1 |Testldufe 6
2 |Bestanden 5
3 | Nicht bestanden 0
4 | Ausgeschlossen 1
5
6 Ergebniss Max. Min. Ber.  Durchschn. Stdabw. Kov
7 F3,5 (N} 2,1 2,0 0,1 2,0 0,0 2,11
8 F0,9 (N} 14,3 12,8 1,4 13,2 0,5 4,14
9 F0,6 (N) 19,7 18,6 1,1 19,3 0,4 2,26
10
11| Einzelmessung Ausgeschlossen F3,5(N) F0,9(N) F0,6 (N) Hinweise
12 1 X
13 2 2,0 12,9 19,7
14 3 2,1 13,0 19,7
15 4 2,0 12,9 19,6
16 5 2,0 12,8 18,6
17 6 2,1 14,3 19,0
15

AMETEK
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If the test setup has enabled “create report” +
“CSV enabling” + “Statistics”, the operator can
manually start the result data export to CSV.

The export file includes:

> Number of runs
(6 total, 5 passed, O failed, 1 excluded)
All results are according the pass criteria
due to the good CS stiffness compensation.

> Statistics
(Max, Min, range, mean, standard
deviation, COV)
The COV of all results is less 5%, a good
result related to the batch of 5 wave
springs.

> Results of each run
(3 Test points, comment)

From this CSV export file some further report
can get generated.
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Spring N° 5

The following example
shows the test of batch
of disc springs, using a
CS2 testing machine,
particularly:

> impact of stiffness
compensation

frame capacity 1000N
load cell capacity 1000N

Test between plates

Pre-load 10N ~
Pre-load speed 10mm/min |

height coordinates

The challenge is the very
small deformation of this
spring, what is less than
the stiffness compensation
itself.
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Disc spring test with/without stiffness compensation

The test procedure includes on

C 1066,47 C 372433 compression stage up to 900 N.

Send 0,90

Send 0,24 Results:
> spring rate (C)
> deformation (Send) at 900mm

Spring rate
1066 N/mm without stiffness comp.
0 3724 N/mm with stiffness comp.

D.1 .
,,,,, SF§-1 b| = deformation
,,,,, —d—f- - 0,90 mm without stiffness comp.
______ W 0,24 mm with stiffness comp.
| | |
fffff =t

VAR Stiffness compensation at 900N
e e e 0,64 mm
g gl

L | If the stiffness compensation was

| : I well performed, the CS2 machine

=== .
sri@lf | can deliver also good results even at
| | lr small deformations of 200 microns.
e This is very close to the field of
A4 05 0.0 05 1,0 100,100,00 0,10 0,20 0,30 extensometer use ...

Wea ab Vorlast (mm) n)
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The CS2 testing machine is a perfect solution for
spring testing:

Compression plates or special fixtures can easily be
assembled to the CS2 machine.

A perfect stiffness compensation up to less 20
microns remain deviation and a stage library also
for pre-conditioning enable accurate results even at
very low load or very low deformation.

The automatic datum position measurement
enable results at defined height, what meet the
requirements from spring assembling into technical
systems.

Results at defined measuring point can get defined
easily and fast and pass fail criteria can be added.

The test setup can be finished within some minutes.
Operating the machine is fast and easy.

Results and graphs can get exported as CSV or print
as PDF by one-click button.

Fast, easy, accurate!
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