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Key Facts

* Founded 1976
* Owner operated

e Approx. 50 employees, more than 60% engineers

Systems:

50000 Controllers

4000 ECS SCADA Software
e 2000 Sensors / Probes

* Approx. 800 controllers / 200 sensors per year

V=STANGE

ELEKTRONIK GMBH
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Key Facts !/E STﬂ ﬂGE

ELEKTRONIK GMBH

Stammhaus:
STANGE Elektronik GmbH @'ruv§
Gutenbergstr. 3 \‘CJEW/
51645 Gummersbach i
Germany

Bliro Thiringen:
STANGE Elektronik GmbH
Wandersleber Str. 1b
99192 Apfelstadt
Germany

Representation Office China
STANGE Elektronik GmbH R.O.Shanghai _
Room 1609B, Shenergy International Building I ‘w
No.1 Middle Fuxing Road, -
Huangpu District, Shanghai, 200021, IETRIEAERRAD HATTETEGH
P.R.China

Office India:

STANGE Elektronik India
Powerd by Atreya Technology Solutions
SukhSwapna, R.L.117, Milap Nagar, M.I.D.C,,
Thane (Maharashtra) — 421 203
India
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Carburizing V= STHﬂGE

ELEKTRONIK GMBH

A reaction balance occurs when on the part surface as much carbon is
picked up as carbon is added with a carbon containing lubrication gas.

Homogeneous atmosphere

Work piece
development

K

Gas transportation to
work piece surface

Diffusion through gas
boundary layer

Carburizing
atmosphere

, Cadsorption and reaction on
& the surface

6 C- diffusion Work piece

- Desorption / Back diffusion H,0 /
co, /H, Gas boundary layer

6
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Carburizing V= STHﬂGE

ELEKTRONIK GMBH

Material transfer by CO

**Reaction 1 (Gas atmosphere)
Homogeneous water gas reaction

*»*Reaction 2 (CO-decay):
Boudouard-reaction

Legality for indirect C-level
determination

CO+H, =>[C]+ H,0
2CO =>[C]+ CO,
CO =>[C]+% 0O

C diffusion

-]
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Carburizing / C-level V=STANGE

ELEKTRONIK GMBH

3 Principle of gas potentiometry

Sensor based process control is essential at _ .
with ZrO, solid electrolyte

actual quality assurance and permanent
increasing quality requirements.

Zr0y Rohr Bezugselektrode, Pt
The carburizing process is a core technology in ||
the area of heat treatment of metals and comes MeBgas Luft |
across in nearly each heat treatment shop. 7 T l

)
l MeRelektrode, Pt Ueq

Beside the use of oxygen probes also the |
measurement of the process gas via CO/CO, JVed
analysis is a current technology at carburizing

_RT . PO,
eq 4F p(Oz)"
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Carburizing / C-level V=STANGE

ELEKTRONIK GMBH

Eunction block C-level caloulation

C-Level function

e i ol i
mmr:lcl:;m- (no E:Gsmm;:swmg} ! H
Temperature and furnace atmosphere are | | [ ‘
controlled by using a special formula for e [ e o e | e
C-level calculation. T
e Inputs for temperature, — ] | : | l
CO, CO2 and 02 = L o e R T [

e Consideration of correction values pui oo
e Choice between endogas and r‘“’*l | l
direct gassing systems e B T R T - -l

Ly
(004 1.00%) |CO2wslue| | comed tien ewitizh

Fet Input

Q3 C0, O, & CO:

Calculation example: T — Hl
02 formula: CO= 20%, T= 930°C, 02= 1173mV C-level = ey g e
1.269% f [ [ | |

CO2 formula: CO=20%, T=900°C, CO2=0.5% C-level = vcssive. | e e Tpn

lngging chack & wiilie ¥aiable ol variable
i

O. 3475% EE?U;T[?C:”’%': c | |come cfion switeh

T
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Carburizing / C-level V=STANGE

ELEKTRONIK GMBH

SE-60X Series

SE-70X Series

STRNGE

T
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Carburizing / Diffusion V=STANGE

ELEKTRONIK GMBH

— COamius —f]
C-diffusion function i e s -
Clovel b ¥ C-Laval =
C-Level controlier
Caloulation -
Temperature and furnace atmosphere
(C-level) are controlled. n Meset
"Cacthual 2
The optimal treatment time is s L [T
—— coftiol —= T="C mpl |2
cyclically determined in consideration
. . Programmier
of material parameters in the process
steps "carburizing" and "diffusing" and ) — ]
Salactual
taken over as segment time. I I e
pirvcorclitoce
sagmant fime
PLC
Bl actual
¢ ¥y Y ¥ ¥ 4

Functional Module Online-Ditfusion

]

[T function diagram data
variables  putputs  Tor curve

S B

T
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Carburizing / Diffusion V=STANGE

ELEKTRONIK GMBH

Typically the heat treatment consists of 2 phases

1.) Carburizing phase

* Carburizing of the work piece boundary area

* Target is to reach the desired depth of carbon penetration. _ :

* Desired depth ranges from 1/10 mm to approx. Yoo W o R oz e e e 2
8 mm maximum. '

* After carburizing step the C-content has reached his maximum at work piece
surface and continuously falls with increasing depth to the material base
carbon content.

¥ 8 8 E B B3

C-level course after diffusion start:

Tty
)

2.) Diffusion phase: bbbt bk st ol

*  During carburizing usually a high C-content (typically 1.1 %C) will be
generated in order to get carbon into the material as fast as possible. C-level course at diffusion end:

* Thereby a much too high C-content is reached and must be reduced to the (e i

120

typical target value (e.g. 0.7 %C).

* During diffusion phase with reduced C-level / temperature this will be
reached. At the same time a uniform distribution will be reached by the
diffusion.

yal ]
| ;

w0

L]

&0

17| S S-S S-S [P S SN a1
a0 B2’ 04 06 08 10 12 14 16 1B 20
0% 5L o]
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Carburizing / Diffusion V=STANGE

ELEKTRONIK GMBH

3 types of diffusion calculation

1.) Actual Calculation:
Current C-level profile in material is calculated in consideration of the actual process.
So the calculation simulates the actual situation in work piece.

2.) Online Calculation:

The online calculation makes sure that the duration of certain treatment segments

(holding phases, carburizing, diffusion) are adjusted to the current process.

It reacts to process deviations from ideal (Offline-Calculation) and corrects temporary the carburizing
and/or diffusion phase.

The holding phases calculation exclusively takes place based on %At (percent carburizing depth.)

3.) Offline Calculation:
The offline calculation is a help for program creation
Phases times are calculate and check whether the program leads to the desired target.

The holding phases calculation exclusively takes place based on %At (percent carburizing depth). If other
optimization criteria are required, then the corresponding PC software must be used!

T
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Carburizing / Diffusion V=STANGE

ELEKTRONIK GMBH

ECS CarboDis

Sy s
Program | Admini ion Print Mode Save/Restore Help
v; New Save Save as [~ Copy @ Close é)g Delete @ Unit assigment Q Instrument program list .~ Send program .~ Receive program
Program Transmission
Program data | Program header ' Program editor | Graphic
TANGE
=S
Name Values ELEKTRONIK GMEH
Material number according DIN: 1.73256
25MaCrd Calculation data:
0.250 Representive work pice diameter [mm] 2 =
0.280
: Case depth ECD [mm]
0.760
: Grain size [ASTM]
0.030
: Limit hardness [HV]
0.000
0.480
: Limit hardness [%]
0.440
0.000
0.000
0.000
0.000
Alloy factor calculate automatically 1.046
Carbide limit [%] calculate automatically 943
‘& Select material
No.: 2 Name: State: New program Mode: CarboDis a Administrator
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Carburizing / Diffusion V=STANGE

ELEKTRONIK GMBH

ECS CarboDis

‘OD "\ & Benuzer ~ [ Farbsche - Programm-Manager - Fa. STANGE Elektronik GmbH = 2 b4
Programm | Verwaltung |_ Drucken Modus  Sichem | Wiederherstellen  Hilfe .
megrnmmﬁbsrsi:hl f Daten isi D i ichnis ndem EF Programme importieren (. REZ) B Dy _eapm | Language switch ~ ‘
Verwaltung |
[ of | Editor Graph
L | . )
e | g © oo Gasanizei
Abschnitt Startwerte ‘ 001
Verfahrensschitt Init Heizen Aufkohlen |
Abschnittszeit | 00:00:00 03:30:00 15:11:00 I
Temperatur l 280 950 840
C-Pegel
RuBgrenze | 80
% von At I | N i 100.0
Rand-C i 0.70
H2 I
7 Co i
8 Aufkohlungszeitanteil I |
C-Pogel Manuell I AUS I AUS AUS AUS AUS
Rand-C AUS AUS AUS EIN EiN
Rufigrenze AUS EIN AUS Aus AUS
AUTO-Diff AUS AUS EIN AUS AUS
Abschnittszeit EIN EIN AUS EIN AUS
% von At AUS AUS AUS AUS EIN
Aufkohlungszeitanteil AUS AUS AUS AUS AUS
8 Harteverlauf AUS AUS EIN AUs AUS
= - =
SimZeit [ 391500 || Ende ] | ® H @ “ @ M @ ] Rub Oc
| | ! a—
o 2 dudo i 2 E— 1200
L:J 3 - C3 i
s o i 2 H : 1000
i S ! 209 §
E e } i 800 £
g G | 1 =
3 © 1 400 35
= | | | s / : 200
00 03 05 08 10 13 15 1,8 20 23 25 o | .
Tioko ftary 00:00:00 03:20:00 06:40:00 10:00:00 13:20:00 16:40:00 20:00:00 23:20:00 26:40:00 30:00:00 33:20:00 36:40:00
Zeit [Stunden]
—— Hanteverlauf T Aufichlungstiele
O Gremhis Z._C Geholt i renchidle [ —Temperstur [T _— CPecel (0] _— Fend CiC ]

Nr.: Z Bezeichnung: Test 16MnCr5 Status: Programm unversndert Modus: CarboDis ﬁ Administrator
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Carburizing / Diffusion V=STANGE

ELEKTRONIK GMBH

SE-60X Series

||
e [ 5 e S | e

T
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Nitriding V=STANGE

ELEKTRONIK GMBH

NH
Kn — or(NH;)

3
r(H;)2

Development

gas layer (NH;)
(N, +H,)

NH; —> (NH,) —> NH — H,

Diffusion

-]
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Nitriding V=STANGE

ELEKTRONIK GMBH

Base heat conductivity

600
500
400

300

200

100

-100

H2 He NH3 02 N2 co H20 Cco2 Ar S02 CI2
M Seriesl| 572 454 6 1 -2 -3 -22 -29 -32 -56 -64

Relative heat conductivity of different gases compared with air (at 100°C). (from the documentation of
Hartmann & Braun AG, Frankfurt).

-]
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Nitriding V=STANGE

ELEKTRONIK GMBH

o 0,0

« Vol.% H2

72STANGE
Tpese__ )
Range %H2:

—£) 24VDC 20W
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Nitriding V=STANGE

ELEKTRONIK GMBH

0,0

Vol.% H2

Continuous measurement

No exhaust gas via the sensor

Simple mechanical connection via KF16

Linear 4-20 mA output according to the measurement range
High endurance plus 1 year warranty

Simply to check

T
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Nitriding / Potential V=STANGE

ELEKTRONIK GMBH

Pre conditions

Knowledge about characteristics of parts at nitriding in relationship of material and
nitriding conditions as base for the selection of material and requirement of the
technological parameters.[1]

CL SH NHD
The characteristics is dedicated by the U5 || GH || 200 || 6 || BT g
° pa rts’ Nitriding conditions
 alloy components, AEREEEEEREREN
* matrix of the base material, AERAEEEA RN
* treatment temperature, Ma:rij. [ L N
* holding time,
* nitriding atmosphere, pes ; ¥ # TTT TTT lj I #
* nitriding potential (Kn), Al )]
* carbon potential (Kc) and g w | - ||t )
» oxidation potential (Ko). wi | - L]

microstructure N normalized / V (TA) tempering temperature

[2] HTM 47 (1992 ) page 229 ; Spies und Bergner

T
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Nitriding / Potential

V=STANGE

ELEKTRONIK GMBH

Only the kind of layer can be shown with the Lehrer- or Kunze- diagram.
The thickness and the growth can‘t be shown with this method!

T - Nitrogen and carbon concentriation in € phase at 570°C
10 2 Smm= e -
4..I] = </ =/
* ,"'V."r il 3 / - y 1
1 2501 7 F . "X
| | ] y
A |} ] 3 % 10,8
g'_. 1,0 0 % 2 .;I ;Ja f :_ e | 8
z @ X 1 s i i e / 06 X
"E- % E 1 .5 | JI r'lr .?'I.'_ ' E
i -1 I T |- / e | T
= & ) ) i A / € 04 O
s 5 1S sy L -704 &
o 1 o ’I 'ﬂ.' I_.-'r J.'{ . - /". S o
. I [ |l / J=="F __./ | [
o 2 £ QO05B.77/ / L%, 102 o
" “ o) g J F = s g i g = | e}
Lehrerdiagramm = a 4 / L :,‘ = e | =
_____ berechnet nach Kunze -3 O 0 A ¥4 e B - O
-------- berechnet nach
Jentzsch / Béhmer 0, 1,5 2=5 3,5 45 55 6,5 7.5
L . Nitriding potential K
450 500 550 600 650 700

TEMPERATUR, °C

Lehrer diagram
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Nitriding / Potential V=STANGE

ELEKTRONIK GMBH

The thickness and phase structure of the compound layer as well as the thickness and
hardness distribution of the diffusion layer can be changed in large ranges by the
variation of the nitriding potential K, carbon potential K, oxidation potential K; and the
choice of the base material.

Grafik

absorption

Nitriding-
potential

Ky b+
Ky

Compound layer Diffusion layer

- Nitrides and
N Y () carbonitrides

Nitrierkennzahl Kn
n

&
w
Dissoziation (%]
g
&
o0

2 - secondary Fe,C
(o]
S €, Pores
2 N (0] ’ ' - Dissolved Tempered or
5 ' Nitrogen quenched matrix
1 jr—
€, Pores, - Tempered or
£(Y), Y () quenched
. matrix
o Sollwert 0,4 / 520~
: : ' €,Pores,
y 100 Por
400 420 440 460 480 500 520 540 560 580 600
Temperatur [*C] A
_a | : — —
fg 12 20 30um 0-1000pm A C—enriched layer
i R

»
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Nitriding / Potential V=STANGE

ELEKTRONIK GMBH

The thickness and phase structure of the compound layer as well as the thickness and
hardness distribution of the diffusion layer can be changed in large ranges by the
variation of the nitriding potential K, carbon potential K, oxidation potential K; and the

choice of the base material.
-
Il absorption Compound layer Diffusion layer Base material
potential P P Y v

Ky ¥ ¥
- Nitrides and
Y () carbonitrides

N
i
:
:::::ll
It II II

Grafik

28

Nitrierkennzahl Kn
r

Sollwert 1.7 /520

=
w
Dissoziation [%)]
ing
&
o0

2 - secondary Fe,C
[o]
S €, Pores,
2 N (0] ’ - Dissolved Tempered or
- ' f quenched matrix
Nitrogen
! 43,8 |
€, Pores, - Tempered or
£(Y).Y() quenched
matrix
: | : : 100 ¢,Pores,
400 420 440 460 480 500 520 540 560 580 600 FeS
Temperatur [°C] A
12 20 30um 0-1000pm A C—enriched layer

!
)

»
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Nitriding / Potential V=STANGE

ELEKTRONIK GMBH

The thickness and phase structure of the compound layer as well as the thickness and
hardness distribution of the diffusion layer can be changed in large ranges by the

variation of the nitriding potential K, carbon potential K, oxidation potential K; and the
choice of the base material.

=
T / Nitriding-parameter La
& : : 18,7
/ Nlt”dm.g_ absorption Compound layer Diffusion layer Base material
potential
5 : : o 20,8
: Sollwert 5 / 520
i Ky ¥+
alo Geceoocaccaacaaaaanfensaacanaaassansaasfansaanaaasansaasaas 238
2 = - Nitrides and
[ S Ky ¥ N & carbonitrides
£ Yo 2 3 : v e
Z : 2 >
= : a 3 - secondary Fe,C
; T €, Pores Tempered or
: t N (O ’ ] N p
e NG s g () . Dissolved cuenchod matrx
: Nitrogen
g £, Pores, - Tempered or
1 : 488 N, C £Y), Y@ quenched
\ matrix
o : : : ¢,Pores,
0 100 FeS
400 420 440 480 480 500 520 540 580 580 500
Temperatur [*C] = A
B | P12 20 30um 0-1000 pm A C—enriched layer R
L | »
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Nitriding / Potential V=STANGE

ELEKTRONIK GMBH

The thickness and phase structure of the compound layer as well as the thickness and
hardness distribution of the diffusion layer can be changed in large ranges by the
variation of the nitriding potential K, carbon potential K, oxidation potential K; and the

choice of the base material.
-
1.0
T (= Il absorption Compound layer Diffusion layer Base material
potential P P Y v

08

:
llllll\
I I\

Grafik

07 g Ky ¥ ¥

0.6

Kohlungskennzahl Ko
ing
&
o0

- Nitrides and
: : : carbonitrides
05\ ....................... ........................ ....................... y(s)
= - secondary Fe,C
: 1) €, Pores,
: E N (O) : - Dissolved U IR or
: BS 4 . quenched matrix
: Nitrogen
/:. £, Pores, - Tempered or

Sollwert 0,213 £(Y), V() quenched
: matrix
: ¢,Pores,

2 a 4 FeS
Mitrierkkennzahl Kn A
_ 4 | : : : c iched I
{12 20 30um 0-1000 pum A C—enriched layer
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With the Lehrer- or Kunze- diagram the user can recognize in

Nitriding / Potential

real time the layer creation of compound layere +y’, y’
depending of Kn, Kc, Ko and temperature.

Konfiguration ALARM
s & m

Betrieb

Nitrieren

Level: ag| Programm
Eingabe
09:36:14

ECS-NKZ-Vorausberechnung

ol m| &|[@]

V=STANGE

ELEKTRONIK GMBH

Programm 1 STANGE PROGR 1 P.Zeit Q00:00:00 Rest.Z 000:04:00
Abzchnitt 00 Start & Zeit 000:00:00 Rest.Z 000:01:00
so0ll ist Nitrocarburie -
VYerfahren: L
. K 520  Temperatur [*C]
Nitrocarburieren O [ 750 sondentemperatur [c]
6] O 30 Dissoziation [%]
O] 30 H2pW
0.17 0.18
I 8 T AT T I, [0 =
= Frischgase
Bl _| 1800 | 4796 e o
E [ 50 50 Ammoniak
S _I 0200 I 0201 af o Sp'ﬂitnas
m 45 45 Stickstoff
g‘ LT af o Luft
qls oo Wassor
: o | | oo [ SRR
. _E aj o Endogas
o 3 4 5 l_ l_ aj o Kohlenmonoxid
Hitrierkennzahl Kn _ 17.45]17.10 Ll 0 Exogas
- — aj o Wasserstoff
Anlage | Sollwerte| Spuren chreiber |Betr.Progr.| Steuern El}rtrleren‘ Of o =

Alarme

g | e | B

5
-|edmeren

Berechnen

Ergebnisse

Kn
Dissoziation [%]

Ko
Ko(w)

Ke(w)
Kc(B)

Q-Sonde [mV]

H2-Sonde [%]

A

Kohlungskennzahl Kew

:

‘Sollwert0,2/2,98

1 2
Nitrierkennzahl Kn

Beenden
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Nitriding / Potential V=STANGE

ELEKTRONIK GMBH

SE-60X Series

T
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Nitriding / Case Depth V=STANGE

ELEKTRONIK GMBH

c. | su | aH | nwD  Rut [BX Schematic diagram of nitriding
P conditions and base material relating to
conditions nitriding result [2]

—
I
—
I
‘_

Definition for nitrided layers

-
— — —
—

n
n
n —m —pm
n —m —m
n —» —n

—»
n
n

Kn CcL Randhértetiefe
Material I ‘ _ _ __ _ _ surface hardness
| (RH)
woy el [y [P W] |
? ! hardness
— Q |
wt [P s £l
Sl }
¢ T =T i i = i T o _ ~ 50HV
Micro - =T T - T i | ;
structure N L‘ AX >l Distance from
? ] i} P 4 surface
V(Tal) Nitriding hardness depth (NHD)

microstructure N normalized / V (TA) tempering temperature

[2] HTM 47 (1992 ) page 229 ; Spies und Bergner
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Nitriding / Case Depth V=STANGE

ELEKTRONIK GMBH

Grow of the compound layer vs. nitriding case depth
Steel: 42CrMo4 (V) (1.7225 / ~4140 SAE) 570°C (1058°F) / 1....48h / KN = 0.35...... 3,0

35 1
= K, =0,35 e T
_ 30 } —-— K, =0,6 : KN_O’G n
g - K, = €08 | n= 0
= o . Ky=0.9 £ e Ku=0.9
8 5 B KN = 3 f A KN - 3 ‘
§ % O 6 |
'4_'&:) 20 g ’ =
= v L 2
(] [
> ©
515 | S04 | ’
= o €
C
210 | § g
£ = A®
S =z 0,2
5 I .—-./-_/.
O 1 1 1 O
0 2 4 6 8 0 2 4 6 8
Nitriding time [h1/2] Nitriding time [h1/2]

If Kn increases the compound layer grows too

Graphics courtesy of IWT, TU Bergakademie Freiberg
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Nitriding / Case Depth

V=STANGE

ELEKTRONIK GMBH

The calculation of the nitriding hardness depth can be realized with our pc software

~ECS NHT - calculation"

The diffusion of nitrides —
and carbonitrides into the 1 L e

. . . - =atani- — Berechnung -
materla_l is practlcally_ not T — et Ere p— —
depending on a certain |

. . . . - Sollwerte- - Ergebnisse —
n”::rldlng pOtentIall [620  Temperatur C] Nitrierdauer 09:11  [Std:Min]
Wlth Kn>1 the NHD can [03  witierhartetiefe [mm] it Bage s
be calculated Safely_ [73  Nitrierkennzahl o DI 50 I mluz
— Grafik
Mitrierhartetiefe [mm]

In accordance to the base S S L A ot
material and soaking S N | D
temperature the NHD as - I X S Y
We” the Soaklng tlme can 02 .................. . . E ................................................
be Calculated. llﬂ’i 2 3 4 5 (<3 T 8 g9 10 11 122 43 44 A5 16 AT 18 A9 20

Mitrierdauer [Std.]

_a |

T
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Nitriding / Case Depth V=STANGE

ELEKTRONIK GMBH

With our software program Nitriding Potential Calculation NKZ as well Nitriding Case
Depth Calculation already good tools are available to achieve reproducible results

510 Temperatur [*C] Nitrierdlater 1603 [StdMir] =l
03 | Ninerhartetife mm] X
34 Nirierkennzahl 0 B 0%
Randharte | —— Frischgise
o | e 3
Grafik
et T sk ] otk ]
rerhartetete fmrm)
i L el
{1 1 Siss K i
08 [ e W) 7
|
06
C:Sarde(mi] NELET
o JEE Esawil  [WR
oo 7] .
r = L
HISge 4] AR 4. 420 44) 480 450 S0 520 540 B0 BE0 GO0
0 o 20 50 a {19 Tewemr 3
Nirierdauer [Std] a | | —J
|

|Bme ECSHT ey
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Nitriding / Case Depth V=STANGE

ELEKTRONIK GMBH

With the collected knowledge about diffusion processes and development of a material
database like the calculation of the nitriding hardness depth =>
calculate the growth of the compound layer

r ™
4 ECS CLT-NHD --- compound layer thickness {CLT) --- nitriding hardness depth (NHD) --- l = | = &J
£ so4s5 P 2 PZSTANGE
St:eel £ RH=1150-1050 HY
legierter Stahl - 2
Process 2
71 Classical nitriding /
(71 Cranitriding 1.8 FeiC
@ Nitride with carbon
1.6
Temperature [*C] 540 i
Treatment duration [hours] g 5 /
[%]
)
g 12 /
s
Results = 1
Eﬂ: /
Compound |ayer thickness CLT [um] # | 8 e 0.8
: /
Nitriding depth NHD [mm} | 0.28 a 06 A
Border hardness RH [HY 0.3] 1150-1050 /
0.4 / E
Hydrogen [%] -, W a Y \ Y
] T
Remaining ammoniac [3] = | 30 0 1 2 3 4 5
Mitrate classification number Kn
Carbon class. number Ke{\) [ | D.18
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Nitriding / Case Depth V=STANGE

ELEKTRONIK GMBH

The calculation of the growth of the compound layer is based on many practical
test results on different furnaces with different batches.

How we did this:

Definition of the steel pieces and analysis of the alloying components

« Definition of the technological limits (temperature, time, nitriding potential)
« Definition of the technologie (nitriding, nitrocarburizing / oxynitriding)

« Test procedure / analyse of the results

« Comparision with other tests and results from praxis.

T
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Nitriding / Case Depth V=STANGE

ELEKTRONIK GMBH

The principles which was won by the tests should give an orientation for the
calculation of the

compound layer, nitriding hardness depth and case hardness.
They can't recognize the special environment at the user like:

« Pre treatment of the material like, washing, pre oxidation, etching
« Surface condition (grinded, turned, blasted...)

« Tempered / matrix

« Furnace specification like temperature distribution, gassing....

Further items:

« Thermodynamics and kinetics influences at creation of the nitriding.
Controlled nitriding requires the control of both groups of influencing variables.

These influences are following usually certain tendencies in praxis.
These tendencies can be comprised with the help of corresponding correction factors.

T
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Nitriding / Case Depth V=STANGE

ELEKTRONIK GMBH

The pc software ECS CLT-NHD is the direct link between the part requirements and
technological parameters of a nitriding treatment.

= = —
4 ECSCLT-NHD --- compound layer thickness (CLT) --- nitriding hardness depth (NHD) --- | = | = g

£ soass g 2 U=STANGE

Steel

-].egierter_Stahl - E
Process 2

(71 Classical nitriding /

7 Oainitriding L Fe3C /

@ Nitride with carbon 16

Tempersture ['C]

14 /

W Treatment duratien [hours]

g /
=
Nitrate classification number Kn ____________ !E 1.2
Results = 1
! 4
Compound layer thickness CLT fum] | 11 T os
g 0O
Nitriding depth NHD [mm] m | 0.37 3 i /
Border hardness RH [HY 0.3] 1050-950 /
|
0.4

A /—\ E
Atmosgficrs 02 - AN .
Hydrogen [%] = a Y \

Remaining ammoniac [%] | | 27 0 1 2 3 4 5
Mitrate classification number Kn

Carbon class. number Ke(\W) = | 0.21
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Nitriding / Case Depth V=STANGE

ELEKTRONIK GMBH

A material database with following steels is integrated:

4 ECSCLT-NHD --- compound layer thickness (CLT) --- nitriding hardness depth (NHD) --- | = | = g
£ 50:455 ’f 2 P=STANGE
e £ RH=1050-950 HV
legierter Stanl| Lﬂ .
-
Picio 1.0301 1010 il 2
Cis 1.0401 1015 /
cz20 1.0411 1020 18
€30 1.0528 1030 Fe3C / NHD=0_27mm|
€35 1.0581 1035
c440 1.0511 1040 3 16
IC45 1.0503 1045 = /
M |CE45 1.11%1 S5AE1045 _ 14
13CrMo4 1.7335 % /
[lGI-LnCrS 1.7131 5117 !._ 1.2
17CTMavVi0 1.7766 ‘E
| 18CrNigE 1.5920 | 2
20MnCrs 1.7147 biz2 2; 1
i 25CrMHo4 1.7218 4112 =
30CrMova 1.8519 5 0.8
 31Crmove 1.8519 = /
32CrMol2 1.7361 9 06
34crale 1.8504 Nitl12s
E34cralmos 1.8507 Nit1l3sm - /
34Crmod 1.7220 E 0.4 E
40CrMovi3.9 1.8523 /—\
A 42crmod 1.7225 oo L P 4
43CrMo4 1.3563 AI5I4142 " Y’ \
sicrvd 1.8159 AISI6150 a
i 58Crv4 1.8161 Tool-Steel-Grade o
X32CrMov3. 3 1.2365 H10-Tool-Steel 0 1 2 3 4 5
X37CrMovs.1  1.2343 . o
IX38CrMov5.1 1.2343 H11-Tool-Steel Nirate Flessthicaon nOmbet /o
XA0CrMovs.1 1.2344 H13-Tool-steel [ W/
—
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Nitriding / Case Depth V=STANGE

ELEKTRONIK GMBH

By correction factors it is possible to correct the achieved results according to the
compound layer growth and nitriding hardness depth.

r | T ==
L4 ECS CLT-NHD Settings = | B [
At nitrocarburizing NH3 / N2 / CO2 the gas ratio can
be choose. This will be valid for further calculations. Correction factors
Compound layer thickness 1]
Nitriding depth i 1
44 ECSCLT-NHD --- compound layer thickness (CLT) --- nitnding hardness depth (NHD) ---
£ 50455 Gas mixture for Kc-calculation
Steel
iGI-L')CIS 1.7131 5117 - E i o8- | fNH3 : COZ] F
— P 50:45:5 (NH3: N2 CO2) )
(71 Classical nitriding s / 30:65:5 (NH3: N2 C0O2) T
& O 1 '
. Fe3C / +
' - 14 Gas mixture for Ko(W)-calculation
Temperature ['C] U 530 1
I Treatment duration [hours] rj 15 g ’ a =
Nitrate classification number Kn U 2 h; 12 HBR02 @
2 32%02 3
Hexta g / 28% 02
" C d layer thi CLT [um] . | 13 E 0.8
Nitriding depth NHD [mm] = | 0.42 3 - / Options
Border hardness RH [HV 0.3] 750-650 //
04 - = Hide not available steel types (after restart) [
Atmosphere 0.2 ———
Hydrogen 4] T a ¥ \T
: 0 ‘ Lv I3 |
Remaining ammeniac [%] L3 | 25 0 1 2 3 4 5
Mitrate classification number Kn
Carbon class. number Kel\) L5 ] | 023
=
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Nitriding / Case Depth V=STANGE

ELEKTRONIK GMBH

- For one steel mark we need to measure the compound layer thickness CLT, nitriding hardness depth
NHD and hardness CH from following tests:

- Nitriding processes: Classical nitriding, oxy nitriding and nitrocarburizing
-> = 3 tests

- Per nitriding process we need to test at several treatment temperatures in the range between
480 °C up to 590°C (minimum 9)
-> 3 x 9 =27 tests

- With each treatment temperature we need to test several treatment times in the range between
1h to 50h (minimum 10)
-> 27 x 10 = 270 tests

- The tests should be done with two different nitriding potentials (ideal: Kn 3 and Kn 0,8)
-> 270 x 2 = 540 tests

- For getting good base values to create interpolations between the several results every test need
to be double checked with minimum one further test
-> 540 x 2 = 1080 tests!

In total we need 1080 tests to for one steel mark in our database.
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ELEKTRONIK GMBH

Carburizing
C-Level
Diffusion
Nitriding
Potential

Nitriding case depth

Forecast
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Forecast !E STﬂ ﬂGE

ELEKTRONIK GMBH

« Implementation of CLT-NHD calculation into controller software

- Implementation nitriding potential control into 7th generation

« Implementation CoDeSys / OPC-UA into 7t generation (Industry 4.0)

Referenzarchitekturmodell Industrie 4.0 (RAMI 4.0)
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Carburizing / C-level V=STANGE

ELEKTRONIK GMBH
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Carburizing / C-level V=STANGE

ELEKTRONIK GMBH

SE-70X Series
Ethernet

\M}Iows Client

VNC
ECS-Software

STANGE

CAN-Bus
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Many thanks for your time!

Special thanks to ,Prof. Spies & Partner" as well ,TU Bergakademie Freiberg Institute for Material
Science" for the support during the development of the pc software for calculation of the nitriding hardness
depth and compound layer thickness.

Find us on:

www.stange-elektronik.com
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