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The glass microelectrode is one of the most important research tools for 
investigating the cell activity. Practical electrophysiological investigations 
require a high number of electrodes, so a suitable drawing machine is normally 
used to provide the glass capillars thus required. In this way, both quantita-
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tive and qualitative requirements of the experiments are satisfied econom
ically.

Locally fabricated drawing machines for providing microelectrodes are 
now applied in several laboratories instead of factory produced microelectrodes. 
A capillar drawing machine for this purpose has been developed in our Institute, 
involving vertical arrangement and providing suitable heating and drawing 
parameters. The simplified functional arrangement of this machine is shown 
in Fig. 1.

In the following, the arrangement will be explained in the sequence of 
operation steps. The starting position of the end of glass-tube (9) is within the
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oven (10); 15 to 20 minutes after switching on the heating, the softening 
temperature of the glass is reached, and the glass may be slowly pulled out of 
the oven. The diameter of the pulled-out glass tube is reduced to 1. . 2 mm, 
and may thus be easily led through between the upper leading roller (11) and 
the drawing roller (1) and pressing roller (12). Switching on the supply voltage 
of the drawing motor, the continuous production of the capillar may now be 
started. The finished glass capillar (14) is available after passing between the 
lower leading rollers (13).
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Fig. 3. O ven lay o u t, a )  D im ensional ou tlines o f  oven, b) h ea tin g  sp ira l d im ensions,

c) fo rm ing  too l for oven

During the capillar pulling-out process, the high diameter glass tube (9) 
has to be pushed in continuously into the oven (10), but with a reduced speed 
compared with the pulling-out speed. This task is provided by the 3-step 
lowering disk (6), lowering continuously the glass tube (9) into the oven (10) 
by means of a steel wire. The drawing roller (1) and the lowering disk (6) are 
engaged through a speed reducing cogwheel transmission (2, 3, 4) and a dis
connecting clutch (5). Before the pulling is started, the position of the glass 
tube relative to the glass oven is adjusted by means of the clutch. The contin
uous pulling of the capillar is provided by a DC motor with a shaft on which 
drawing rollers (1) of different diameters may be fastened.

Fig. 2 a shows the revolution of the motor axle as a function of the supply 
voltage. The speed ranges available withdrawing rollers (1) of different diam
eters are shown in Fig. 2b. Fig. 2c shows the speed ranges available with 
lowering disks of different diameters (6a, 6b, 6c).
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The glass tube is melted in the oven illustrated in Fig. 3a. The oven 
contains fireproof clay within an iron shell. The clay is provided with a groove 
for holding the heating spiral. The spiral shown in Fig. 3b has been produced 
of Kanthal-A type material which has a maximum operating temperature of 
1300 deg C, a melting point of 1510 deg C, and a specific resistance of 1.77 
Ohms/m. The groove for holding the heating spiral has been pressed by means 
of the forming tool shown in Fig. 3c, embedded into the oven by means of 
fireproof clay mixed with glass-water. After drying, it has been turned out 
along the winding. Following this, the heating spiral was placed into the groove, 
and was heated to appr. 1000 deg C. The fireproof clay was thus drained totally 
and provided a high stability heating element.

HEATING'0 N -0 F F  HEATING CONTROL CR 30 40 * CA
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The circuit diagram of the oven and the drawing motor control circuit 
is shown in Fig. 4. The heating power is controlled by a thyristor of type 
CR 30404 CA (AEI Semiconductors Ltd). At the beginning of the mains 
voltage negative half cycle, the thyristor is not conducting, and the 330 nF 
capacitor is charged to the negative peak voltage through the diodes. Following 
this, the capacitor voltage rises in the positive direction according to the RC 
time constant. During the mains voltage positive half cycle, the capacitor 
voltage reaches the level UQX + UD = + 3 V needed for the thyristor ignition 
and for the conducting of the diodes connected to the thyristor control elec
trode, thus switching on the heating, and simultaneously disabling the control 
circuit. Heating power is controlled by the 10 kOhm potentiometer. Switched- 
-on heating is indicated by a control lamp, and heating voltage is shown by 
a meter.

A 5 Ohm potentiometer serves for adjustment of the supply voltage of 
the drawing motor and thus for revolution control. Another control lamp 
serves for indicating the switched-on status of the drawing circuit.

The drawing machine is suitable for drawing capillars from glass tubes 
having diameters up to 25 mm. In our Institute, 17 mm glass tubes are used
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from which capillars in the range between 0.5 and 4 mm may be drawn with 
suitably adjusted drawing, lowering and heating parameters. For electrophys- 
iological investigations, glass materials having exceptionally good electrical 
properties are needed, so boro-silicate glass material is generally preferred.

Accordingly, Pyrex and Corning 7740 type glass material has been applied in 
our Institute (softening point at appr. 820 deg C) which proved to be suitable 
for microelectrodes having good electrical and mechanical properties.

The layout and more important dimensions of the capillar drawing 
machine developed in our Institute are shown in Fig. 5. The principle technical 
data are summarized in the following.

GLASS TUBE LOWERING ROLLER

CLAMP FOR GLASS TUBE

980

G LASS TUBE I

G LASS LEADING ROLLERS

OVEN FOR GLASS MELTING

GLASS PULLING ROLLER

HEATING AND PULLING 
CONTROL UNIT

265

270

NOTE: DIMENSIONS IN 
MILLIMETERS 700

F ig . 5. L a y o u t o f th e  cap illa r d raw ing  m achine

3



34

Specifications

glass tube which melts below 1300 deg C 
(Pyrex, Corning 7740), outer diameter max 
25 mm, length max 900 mm 
drawing is accomplished by a lowering 
roller and a drawing roller which rotate at 
different speeds

50 80 100 150 250
0.23 0.18 0.13 0.09 0.05 
by gears

at the same ratio 
less than 5 % of the diameter 
48 cm/min min,

20 0  c m /m in  m a x  
4 m m /m in  m in ,

19 mm/min max 
1300 deg C max 
220 volts AC, 10 A

Summary

A drawing machine of vertical arrangement, suitable for producing 
microelectrode capillars, is presented. Heating and drawing parameters of the 
machine are adjustable within wide ranges, and the machine is thus suitable 
for producing capillars from generally used glass materials meeting the meas
urement requirements. The required capillar diameter is easily adjustable, and 
the dimensions are reproducible with high accuracy during several drawing 
courses.

In the paper, mechanical and electrical performance of the machine, 
the control ranges of the drawing and heating parameters, the glass materials 
which may be applied, and the principle technical data are presented.

Material to be drawn

Drawing principle

Drawing ratio (typical data): 
increase of length (times) 
decrease of diameter (times') 
Adjustment of drawing ratio 
Decrease of inner and outer 

diameters
Non-uniformity of diameter 
Drawing speed

Lowering speed

Electric oven temperature 
Power requirement
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Ü V E G K A P IL L Á R IS  H Ú Z Ó  K É S Z Ü L É K  E L E K T R O F IZ IO L Ó G IA I M U N K Á K H O Z

Véró M ih á ly

Ö sszefoglalás

A v ertik á lis  e lrendezésű  üveghúzó  berendezéssel m ik roelek tródákhoz a lkalm as 
kap illá risok  kész íthe tők . A  készülék  fű té s i és húzási p a ram éte re i széles h a tá ro k  kö zö tt 
v á lto z ta th a tó k , így  a lk a lm as a rra , hogy  az á lta lán o san  h a szn á lt üveganyagokból 
a  m érési k öve te lm ényeknek  m egfelelő kap illá riso k a t húzzon. A  k ív á n t kap illá ris á tm é rő  
könnyen  b eá llíth a tó  és a  m ére tek  többszöri hú zásn á l is nagy  pon tossággal rep ro d u k á l
ha tó k .

A do lgozat részletesen  ism erte ti a  készülék  m echan ika i és e lek trom os m űködésének  
rész le te it, a  húzási és fű té s i p a ram é te rek  szabályozási ta r to m á n y a it ,  a  h aszn á lh a tó  üveg 
an y ag o k a t és a  készülék  fo n to sabb  te ch n ik a i a d a ta it .
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