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1 INTRODUCTION 

It is only possible to manufacture high-grade 
measurement instruments efficiently, if precise 
components are available. 

As part of its product line of modular move-
ments, PREFAG also offers models for 60° 
moving coil instruments. They have been de-
veloped to allow the efficient manufacture of 
reliable instruments for various applications.  

Our modular movement system allows meter 
movements to meet a wide variety of demands, 
i.e. high sensitivity, higher accuracy class, high 
shock or vibration stress. 

The dimensions of the SWI modular movement 
series allow installation in flat housing of 12 
mm height (outer dimension). Consequently, 
this system is particularly suitable for stacking 
installation. 

It is easy to select the desired components for 
your meter movement by using the descriptions 
and dimension tables found below in Chapter 
10. Bearings, spindles and coil formers etc. 
may be individually determined. 

In the appendix, you will find the various poss-
ible housing dimensions and attachment modes 
of the meter movements in the housings. 
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2 APPLIKATIONS 

The models in the SWI modular movement 
series mentioned here are suitable not only for 
normal control panel applications, but also for 
critical application with the following criteria: 

high frequency vibrations i.e. textile ma-
chines 

heavy shock and vibrations i.e. rail ve-
hicles heavy trucks or lorries 

extreme environmental conditions i.e. ship 
building aircraft design 

circuit board assembly 

control modules (19" rack system) 

The basic principle of our modular movements 
and the guaranteed availability of mass-
produced, quality controlled components gen-
erally allow our customers to design their in-
struments even for the most difficult applica-
tions without undue difficulties. 

As a basis to help you make the correct selec-
tions for your instrument design, you will find 
a summary of mechanical and electrical speci-
fications in Chapter 11. These specifications 
can and should be used only as, a basis for the 
calculation and design of your individual 
movement. 

The correct selection of spindle and bearing 
criteria is decisive in achieving the optimal 
implementation of electrical measurement in-
struments. PREFAG has suitable calculation 
methods at its disposal and has gained decades 
of world wide, systematic experience. We 
would be happy to develop suggestions for 
your particular applications.  
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3 GENERAL CONCEPT 

By using PREFAG components that have long 
established reputations, the SWI modular 
movement series could be designed according 
to principles of standardization. 

The most important functional characteristics 
are as follows: 

self-centering pivot holder system for the 
moving element(clamp and pointer in one 
piece) 

optimizable damping by means of various 
coil former material characteristics 

high sensitivity 

high precision (1% linearity) 

play-free adjustment of the pivot bearings. 
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4 DESIGN 

Great care was taken in the design of the SWI 
modular movement series to ensure simple, 
dependable and fast assembly of the compo-
nents. For this reason, several functions were 
integrated into one single component wherever 
possible, thus reducing the total number of 
components. The core support has been de-
signed as a precision stamped and pressed part 
that provides the basic frame for an axially 
aligned mounting of the moving element and 
for the minimally concentric placement of the 
magnet. 

The moving element consists of the coil former 
with the pointer clamped on, as well as the 
spindle which is riveted to the pointer and the 
two hair springs. The upper hair spring is lo-
cated on the insulated spring holder, whereas 
the lower one is directly soldered to the poin-
ter. The magnets and the second pole piece are 
assembled in the same jig and chuck. The Plas-
tic- or Brass bridge with bearing is pressed in 
with both the system clips. 

The magnetic circuit is a computer-aided de-
sign. In spite of the relatively large air gap a 
high air gap induction of 0.17Tesla was ob-
tained. 

A special material (Macrolon 8020) is used for 
the plastic bridge, which holds the spring-
loaded pivot bearing; it retains its rigidity even 
under extreme conditions.  
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5 MATERIALS 

Our long years of experience in the field of 
measurement technology allow us to make an 
optimal choice of materials. 

The materials have been most carefully se-
lected for their particular uses and reinforce the 
technological lead of our instrument move-
ments. 

Spindle: Aluminum 

Pointer Cross: Nickel-silver 

Coil Former: Aluminum, various alloys, 
anodized. or Copper 

Pole Pieces: soft iron, zinc plated, thick-
film passivated (Chrome VI free) 

Magnets: Alnico 450 

Movement Support: Brass 

Clips: Brass 

Bridge: Brass or Polycarbonate 
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6  SURVEYOF COMPONENTS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
. 

Bezeichnung 
designation 

PN SWI 60 SWI 61 

 
Körnerlager gefedert 
springloaded jewel-
screw 

1038 M2,5x0,35x2,5 M2,5x0,35x2,5 

 
Nullstellung 
zero adjuster 

1038  
PLNM 1051 

 
PLNM 1052 

Platine 
Bridge 

1038   

 
Spiralhalter, isoliert 
spring holder, insulated 

1020 IN 11 IN 11 

 
Achse 
spindle 

1038 AN 561-575 
 

AN 561-575 
 

 
Zeigerträger 
pointer cross 

1038 ZTN 501 ZTN 501 

 
Rahmen 
coil former 

1038 RN 501 
 

RN 501 

 
Polstück 
pole pieces 

1038 PSN 502 PSN 502 

 
Magnet 
magne 

1038 MGN 501 MGN 501 

 
Polstück 
pole pieces 

1038 PSN 501 PSN 501 

 
Nullstellung 
zero adjustment 

1038  
MTNM 3001 - 
             3003 
 

 
MTNM 3201 - 
           3206 
 

Träger 
support 

1038   

 
Schraube 
screw 

1027  SRN 7 

 
Systemklammer 
clip 

1038 SKN 501 SKN 501 
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7 DIMENSIONS 

7.1  SWI 60 
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7.2  Dimensions  SWI 61 
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8 TECHNICAL SPECIFIKATIONS 

·  Air-gap induction without shielding (weakened at least 3%) 0.170T 
·  Same as above with shielding (See design proposals) 0.164 T  
·  Leakage flux without shielding     0.025 T 
·  Leakage flux with shielding  (See design proposals) 0.0015 T   
·  Mutual instrument influence without shielding   0.2% 
·  Influence by iron plate without shielding  
·  (iron plate 170 x 170 x 2 mm, see installation plan)  0.4% 
·  Pointer range        60° 
·  Linearity        1.0% 
·  Operating temperature range *     -20° (-55°)/ +60° (+80°)C 
·  Storage temperature range *     -30° (-65°)/ +80° (+100°)C 
·  Dielectric strength          250V with 2 Min.,100 M�  

* Values in brackets for SWI 61 (brass bridge) The indications of the temperature ranges only 
refer to a failure of components exceeding given temperature limits. Other effects (for exam-
ple measuring errors) are not considered. 

9  DELIVERY DETAILS/ SAMPLE 
ORDER 

In order to avoid errors and mix-ups in defining 
particular modular movements and in ordering, 
we request that orders be set up according to 
the following sample. The following compo-
nents from the data sheets are to be specified, 
corresponding to the particular instrument de-
scription: 

jewel bearing pos.1 

bridge pos.2 

spindle pos.4 

coil former pos.6 

All the other components are dependent on the 
respective model and may be varied only after 
consulting our technical staff. You will find 
technical descriptions and specification pages 
for the individual components in Chapter 10 of 
this product manual. 
For request for quotation please use our check-
list FO 0154 to be found on our website under: 
www.PREFAG.de 
 

Products 

Pos
. 

qty description PREFAG- 
standard 

part-no. 

1 1 Jewel bearing PN 1038 LN 961  

2 1 Bridge with 
zero 

PN 1038 
PN 1038 

PLNM 
1051 

3 1 Springholder, 
insulated 

PN 1020 IN 11 

4 1 Spindle PN 1038 AN 571 

5 1 Pointer cross PN 1038 ZTN 501 

6 1 Coil former PN 1038 
 

RN 
501.34 

7 2 Magnet PN 1038 MGN 
501 

8 1 Pole piece PN 1038 PSN 502 

9 1 Pole piece PN 1038 PSN 501 

10 1 Support with 
zero 

PN 1038 
PN 1038 

MTNM 
3002 

11 2 Clip PN 1038 SKN 501 

 

PARTS-LIST NO:   
SWI 60 MODULAR MOVEMENT FOR 
EDGEWISE MOVING COIL MOVEMENTS  
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Meter Movements and Components 

Checklist for Movements Specification 
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10 TECHNICAL DESCRIPTIONS AND DATA SHEETS OF THE INDI-
VIDUAL COMPONENTS 

10.1 Jewel Bearings 
In our SWI 60 modular movement series, we 
supply a spring loaded jewel bearing for the 
upper bearing position, and a fix jewel bearing 
for the bottom position. Two spring loads are 
available (see table) for SWI 61. The jewel 
bearings with a spring force of 10cN are de-
signed for the normal pivot play, as usual. 

The jewel bearings with a spring load of 3 cN 
are designed to work for an initial load i.e. with 
negative spindle play. Adjustment of the pivot 
play is thus considerably simplified and saves a 
great deal of cost. Tipping errors, critical due to 
the relationship between short spindles and 
long pointers, are practically excluded. The 
resulting increase in friction error is minimal. 
Another major advantage of this design is that 
temperature influences will have no negative 
effects, as is the case with very small pivot 
play. The bearings are, however, distinguished 
by all the same superior characteristics as the 
PREFAG standard bearings: 

very high precision of jewels' return posi-
tioning 

minimal lateral play of jewels 

smooth jewel movement 

exactly maintained hair spring specifica-
tions 

excellent jewel bore surface 

high degree of cleanliness 

best, tested jewel quality according to 
PREFAG standards. 

 
We would be pleased to be of assistance to you 
in optimizing your bearings and pivots. Please 
do not hesitate to consult our experienced tech-
nical staff. 

No. R   µm Federdruck 
spring load 
F1      cN 

LN 961 
LN 962 

50 - 80 
60 - 100 

15 
15 

LN 956 
LN 957 

50 - 80 
60 - 100 

3 * 
3 * 

 

* gegen Aufpreis 
   against surcharge 
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10.2 Bridge 
 
In contrast to our other movement series, a 
bridge made of plastic (Macrolon 8020) or al-
ternatively of brass material is used in the SWI 
series. The bridge has been particularly de-
signed to ensure a high degree of rigidity. The 
measurements are coordinated to the generally 
accepted dimensions of zero-adjustments ec-
centric cams. 

The spring loaded jewel screw is screwed fitted 
into the bridge. 

The most important characteristics are: 

no thread play during adjustment of the air 
gap 

self-locking thread for the spring-loaded 
jewel bearings, so that 

 no counter- nut or lacquer is required 

controlled torque of zero adjustment. 
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10.3 Zero-Adjustments 
The measurements correspond to the generally 
accepted dimensions of zero- adjustment ec-
centric cams and hair springs (PN 1039). 
 
The zero adjustment (NUN 9) offers a adjust-
ment range according to IEC 51 resp. DIN EN 
60051 (see sketch). In the shown example we 
assume an identical torque on both top and 
bottom hairsprings. 
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10.4 Spindle 
The spindles include our time-tested PREFAG 
bearing pivots. The pivot radii and the pivot 
material should be specified according to the 
data sheet for use in moving coil edgewise in-
struments in our SWI movement series. 

PREFAG spindles for moving coil edgewise 
instruments have been designed for a dependa-
bly high movement quality and require minim-
al calibration. 

Our spindles are manufactured according to the 
principle of inserted pivots. Special manufac-
turing methods ensure precise alignment. All 
the attachment features for the pointer cross 
and spring holders have been included in the 
lathing process. 
 
 
 
 
 
 
 
 
 
 

 
�  Am häufigsten angewandte Teile 
       most applied parts 
 
 
 
 
  

No. SWI 60 / 61 R µm Material 
AN 561 9 - 11 HM 
AN 563 10 - 14 ST 

  �              AN 569 15 - 17 INOX 
  �              AN 571 14 - 18 ST 
  �              AN 572 18 - 22 HM 

AN 573 18 - 22 INOX 
AN 575 17 - 23 ST 
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10.5 Pointer Cross 
Due to the flat design of the meter movement, a 
special pointer cross was developed that per-
forms several functions simultaneously accord-
ing to value analytical methods. 

Besides its function as the pointer cross, this 
component also positions the wire leads at the 
coil ends. Fastening elements and rounded 
edges are provided to avoid any damage of the 
insulation. 

The bent end of the pointer cross can even be 
used as a pointer itself if it is suitably colored. 
If the customer wishes to use his own pointers, 
corresponding pointer crosses of various 
lengths are available. (See example ZTN 502 at 
right.) Please enquire about your individual 
case. 
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10.6 Coil Former 
Our coil formers also offer you all the advan-
tages of carefully thought through large series 
production. Careful selection of materials, su-
perior production methods and a dependable 
system of quality control ensure components of 
uniformly high quality. For the user, this means 
consistent instrument quality 

Our special manufacturing methods produce 
components of high quality exactly according 
to drawings. 

without jagged edges and corners 

with sharp inner edges to ensure consider-
ably more reliable coil winding. 

Depending upon application, you may select 
your coil former from various aluminum alloys 
to achieve optimal damping. 

Alternatively copper coil formers are available 
as well for which we recommend  a lacquer 
insulation. 
 

 

Alloys available: 

Al 34.0 conductivity 34 S 

Al 26.0 conductivity 26 S 

Al 17.0 conductivity 17 S 

 1 S = 1/�  
 
  

No. S2  mm Material Code 
RN 501.34 0,20 AL 34 Blau / blue 
RN 501.26 0,20 AL 26 Gelb / yellow 
RN 501.17 0,20 AL 17 Rot / red 
RN 501.57 0,20 Cu 57 ----- 
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10.7 Pole Pieces 
Due to the design principle employed here, 
stamped and pressed pole pieces can be used 
for the magnetic circuit. The design a precise 
positioning of the magnets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10.8 Magnets 
For reasons of measurement precision, stability 
and linearity, we use magnets made of Alnico 
450 in the SWI movement series as shown in 
the drawing to the right. 

In order to magnetically stabilize (age) the 
magnets they have to be weakened by demag-
netization by a minimum of 3%.  In case this 
shall be done in the calibration procedure also 
minimum 3% of the original value has to be 
considered. 
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10.9 Movement Support 
To ensure the necessary accuracy, the move-
ment supports are manufactured as stamped 
and pressed parts.  

A sure and precise fit of the mounted zero ad-
justment is obtained by ultrasonic welding. 

The zero-adjustment that mounted in the 
movement support includes the lower fixed 
bearing. Another version (MTN 121) that al-
lows the insertion of a spring-loaded bearing in 
the lower position is also available. Here too, 
the bearing play may be adjusted precisely.  

The movement support maintains its rigidity 
even under extreme environmental influences 
such as temperature, humidity and so on. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
  

SWI 60 With fix bearing 
                        

Saphire 

MTNM 3002  R 50-80 µm 
MTNM 3003  R 60-100 µm    
   
SWI 61 With spring 

loaded bearing  
 
 

Saphire 

MTNM 3202  R 50-80 µm 
MTNM 3203  R 60-100 µm 
   

 

Support assembled with zero-adjustment 
and  fix jewel bearing. 
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10.10 Clips 
The clips are necessary to fasten the pole piec-
es and magnets to the movement support so 
that they maintain their position after the final 
assembly of the instrument. The clip attach-
ment avoids the requirement of any screws. 

The surface press fit thus possible ensures a 
good magnetic circuit without losses due to 
undesirable air gaps. 
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10.11 Spring Holder 
Our spring holders correspond to the DIN 
43803 Page 1 usually used nowadays for the 
radius of the hair spring arm. 

The spring holder in the SWI modular move-
ment series is insulated. The plastic part resists 
normal soldering temperatures. The insulation 
value is 19.3 kV/mm. 

The length of the wire arm is cut to the re-
quired length during our assembly process. 
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10.12 Hair Spring 
 The hair springs in that series correspond to 
our modular movements. 

The functional range (angle range) is always 
given; here we have chosen hair springs with 
an angle range up to 110°. 

The hair spring models are listed with outer 
bent end.  

The lower hair spring is soldered to the corres-
ponding bent out attachment point of the poin-
ter. See 10.5 in this manual. 

For further information, we are always ready to 
assist you. 
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10.12.1 Welded Hair Springs 
 
 
 
 
 
 
 
 
 
Spirale geschweißt 
mit IN 14 
spring welded  
with IN 14 

Spirale 
spring 

Drehmo-
ment 
torque 
µNcm/90° 

Widerstand 
resistance 
Ohm 
+/-20% 

Drehmoment-Abstufungen 
torque combinations 
    gesamt                oben                unten 
    total                     top                  bottom 

FNM 7511 FN 1227 60 2,00 120 60 60 
FNM 8111 FN 1465 65 1,90 125 65 60 
    130 65 65 
FNM 8211 FN 1466 70 1,80 140 70 70 
FNM 8311 FN 1467 80 1,65 150 80 70 
    160 80 80 
FNM 7611 FN 1228 100 1,40 160 100 60 
    200 100 100 
FNM 8411 FN 1468 125 1,35 185 125 60 
    195 125 70 
    205 125 80 
    225 125 100 
    250 125 125 
FNM 7711 FN 1229 160 1,20 220 160 60 
    240 160 80 
    260 160 100 
    320 160 160 
FNM 8511 FN 1469 200 1,15 280 200 80 
    300 200 100 
    325 200 125 
    360 200 160 
    400 200 200 
FNM 7811 FN 1230 250 0,90 350 250 100 
    375 250 125 
    410 250 160 
    450 250 200 
    500 250 250 
FNM 7911 FN 1231 400 0,70 525 400 125 
    560 400 160 
    600 400 200 
    650 400 250 
    800 400 400 
FNM 8011 FN 1232 630 0,56 880 630 250 
    1030 630 400 
    1260 630 630 
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11  GUIDLELINES FOR THE ELEK-
TRICAL AND MECHANICAL DE-
SIGN 

It has been proven useful in selecting and 
putting together movements to have a set of 
various standard versions which serve as guide-
lines for the individual design of the customers' 
measurement instruments. The following data 
sheets have been set up for this reason. 

All the technical data that could interest the 
engineer are included in them. Using these da-
ta, it is easier to design a particular instrument 
by extrapolation. 

Our technical staff is always available to assist 
you in selecting and combining components for 
your movements. 
 
In case the meter movement shall be calibrated 
electronically via the circuit, it is absolutely 
necessary to age the magnets by demagnetiza-
tion by a minimum of 3%. Please indicate this 
requirement in your specification already with 
your inquiry.  
 
Weakening the magnetic circuit by attaching 
iron pieces to the magnets will not have the 
aging effect and will impair the linearity. 
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11.1 SWI 60 DESIGN CRITERIA 

11.1.1  Coil Data 
 
      Ammeter 

Measurement range (mA)   0.025   0.1  1  2.5 

Sensitivity  (KOhm/Volt)   40   10   1  0.4 

 

Number of turns    2380   1220   149  78 

Cu wire diameter (mm)   0.02   0.03 0.  08 0.  1 

Resistance (Ri) (Ohm, KOhm/20°C)  4.16 K  964   18   7 

Torque  (µNcm 90°)   200   410   500   650 

 
 
 
For the design of your particular application, you will find below the formula typical for meter 
movements from our SWI 60/61 series movements   
 
 

����� �
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Description of Formular: 
 
 
 

 !"#$%	 � &'()	��* � � 	
+,-$(./!,	/,	) 	0	1$""%,.	/,	)2	0	'$)3%"	!4	.$",5	0 	67(.!"

2,8%9	!4	-%49%(./!,	*
 

 
 
 
 
For the induction in the air-gap BL we recommend that you assume a value of BL =165 mT 
(weakened approx 3%) for our magnets made of Alnico 450. 
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11.2 Maximum number of windings 
 for SWI 60, Coil former RN 501 
Average turn length 31.8 mm 
 
Cu Wire (mm) Windings 

 max. 
Resistance of windings max.  
(Ohm) 

Diameter 
blank 

Ø with insulation  * 
Grade 1 

  

0.020** 

0.025 

0.030 

0.032** 

0.036 

0.040 

0.045 

0.050 

0.056 

0.060 

0.063 

0.071 

0.080 

0.090** 

0.100 

0.106 

0.112 

0.118 

0.125 

0.132 

0.140 

0.160 

 

0.024 

0.031 

0.037 

0.039 

0.044 

0.049 

0.055 

0.060 

0.067 

0.072 

0.076 

0.084 

0.094 

0.105 

0.117 

0.123 

0.130 

0.136 

0.144 

0.152 

0.160 

0.182 

3000 

1856 

1261 

1104 

891 

730 

585 

480 

371 

350 

282 

210 

190 

136 

120 

116 

81 

78 

75 

69 

66 

38 

5236 

2073 

978 

752 

480 

318 

201 

134 

82.5 

67.8 

49.6 

29 

20.7 

11.7 

8.37 

7.20 

4.51 

3.91 

3.35 

2.76 

2.35 

1.03 

 

 
* Average values as per DIN / IEC 317-0 
** Tested values, other values were calculated 
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12 TECHNICAL CHANGES 

This documentation and the products described 
in it are subject to change without notice. De-
sign studies, based on samples of PREFAG 
movement or PREFAG data sheets and draw-
ings, should not be released for production, 
unless the customer has thoroughly checked by 
himself to be sure he is using the latest updated 
version of PREFAG documentation and com-
ponents. 

13 PATENT RIGHTS 

Our components are protected either by patents 
or by patents pending. We request that none of 
our products be passed on to third parties, even 
in altered form. 

14 GUARANTEE/ CAPABILITY TEST 

PREFAG offers years of experience regarding 
the mechanical and electric allay-out of the kits 
respectively movements thus making the use of 
these kits / movements possible under various 
environmental conditions. Suitable case design 
as well as the fitting of the movement in the 
case are also decisive factors ensuring that the 
instrument can fulfill its requirements. 

The customer is therefore responsible for the 
type testing (capability tests) concerning the 
respective application. PREFAG only guaran-
tees to deliver according to the agreed upon 
execution with the guarantee being limited to 
the value of the goods supplied. 

The proposals of applications made by PRE-
FAG are only examples. They do not in any 
case represent a guarantee of characteristics 
according to the legislation. 
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15  PROGRAMM SURVEY 

Meter Movements 
 
 
Type of Movement Angle of Deflection 

effective 
Movement Series 
(Documentation) 

Movement Type 

Moving iron movement 90° DRI 400 DRI 402/ 407 
 

Moving coil movement 240° KSI 200 KSI 254- 266 
 

Moving coil movement 240° KSI 400 KSI 420/ 422 
 

Moving coil movement 230° KSI 100 KSI 100 
 

Moving coil movement 170° KSI 100 KSI 101 
 

Moving coil movement 2 x 170° KSI 100 KSI 101-double 
 

Moving coil movement 240° KSI 100 KSI 103 
 

Moving coil movement 90° KM 001-008 KM 001/002/004/ 
007/008 

Moving coil movement 90° KM 400 KM 402/404/407 
 

Moving coil movement 60° SWI 60 SWI 60/ 61 
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