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SYNOPSIS 

An automatic sample-changer has been developed at the National Institute for Metallurgy for use in 
gamma-ray spectroscopy with a lithium-drifted germanium detector. The sample-changer features remote 
storage, which prevents cross-talk and reduces background. It has a capacity for 200 samples and a sample 
container that takes liquid or solid samples. The rotation and vibration of samples during counting ensure 
that powdered samples are compacted, and improve the precision and reproducibility of the counting 
geometry. 

SAMEVATTING 

Daar is 'n outomafiese monsterwisselaar by die Nasionale Instituut vir Metallurgie ontwikkel vir 
gebruik in gammastraalspektroskopie met 'n Ge(Li)-detektor. Die monsterwisselaar maak gebruik van 
afstandsbewaring wat steurspraak verhinder en die agtergrond verminder. Dit kan 200 monsters neem en 
het 'n monsterhouer wat vioeibare of vaste monsters neem. Die rotasie en vibrering van monsters tydens 
telling verseker dat poeiermonsters verdig word en dit verbeter die presisie en reproduseerbaarheid van die 
telgeometrie. 



CONTENTS 

1. INTRODUCTION 1 

2. DESCRIPTION OF THE SYSTEM 1 
2.1. SAMPLE VIAL 1 
2.2. SAMPLE STORE 1 
2.3. TRANSPORTATION OF SAMPLES 3 
2.4. THE COUNTING HEAD 4 
2.5. SHIELDING 5 
2.6. CONTROL UNITS 5 

3. DISCUSSION AND CONCLUSIONS 5 

4. REFERENCES 5 

Appendix. Operation of the automatic sample-changer 10 

LIST OF TABLES 

Table 1-1. Control signals J10 11 
Table 1-2. Print signals 11 

LIST OF ILLUSTRATIONS 

Figure 1. Schematic diagram of system 2 
Figure 2. Cross-section of the sample store 3 
Figure 3. Cross-section ••>;" ti . counting head 4 
Figure 1-1. Control of the changer 18 
Figure 1-2. Control of the fansfer of samples i9 
Figure 1-3. Delay circuits 20 
Figure 1-4. Parallel-to-serial and serial-to-parallel converter 21 
Figure 1-5. Vibrator exciter 22 
Figure 1-6. Photocell detector 23 
Figure 1-7. Power supply to control unit 24 
Figure 1-8. Wiring of sample-changer 24 
Figure 1-9. Wiring of counting head 25 
Figure I—10. Control of printout 26 
Figure 1-11. Connection for MCA SA44 27 

Plate I. Sample vial and sample store 6 
Plate II. Counting head and sample-changer room 7 
Plate III. Counting station and master control 8 
Plate IV. Remote-control unit and counting room 9 



1. INTRODUCTION 
Many investigations in which the technique of neutron-activation analysis is used involve the 

processing of large numbers of samples. For example, in the laboratory of the Activation Analysis Research 
Group, several geological and biological projects are in progress simultaneously, each of which involves the 
multi-element analysis of hundreds of samples. Typically, each sample must be measured at several decay 
times, and an automatic sample-changer is necessary if efficient use is to be made of the counting systems 
available. The instruments ' • 2 previously designed for this purpose were rather simple devices, and a more 
elaborate sample-changer was required for use with the three counting systems operated by the Group. 

The demands made on a sample-changer for use in gamma-ray spectroscopy following 
neutron-activation analysis are severe. First, such a sample-changer must be able to accommodate a large 
number of samples, both solid and liquid. Because these samples can differ in the level of their activity by 
several orders of magnitude, the sample library or store should be effectively isolated or shielded from the 
detector and from other systems, and it should be possible for the sample-to-detector distance to be 
changed so that the count-rate is kept in the dynamic range of the detector system without any unnecessary 
sacrifice of efficiency. 

These considerations, together with the requirement that most of the handling of radioactive material 
should be restricted to the area of the radiochemical laboratory and be kept away from the vicinity of the 
gamma-ray spectroscopy system, led to the design of an automatic sample-changer that has a sample store 
or library at a remote location. The samples are transferred pneumatically, and the system can be controlled 
from either the store or the counter. 

A commercially available sample table that can hold 200 samples was used. Batches of about 30 
samples are usually processed, and each sample is measured at several decay times. The large capacity oi the 
sample store makes it possible for the samples to be left in the store until all the measurements on a bavh 
have been completed. 

One of the most important considerations in the achievement of accurate result:» is the reproducibility 
of the sample-to-detector geometry during the measurement. This requirement was given careful 
consideration in the design of the counting head, which is described in Section 2.4. 

The system developed to meet these requirements incorporates a movable lead castle that provides a 
shield for the detector during measurement, as well as a biological shield round the sample store. The 
sample-to-detector distance is set automatically so that the count-rate is equal to or less than a pre-set 
value The system also incorporates a digital read-out of the sample-to-detector distance, which is described 
elsewhere \ 

2. DESCRIPTION OF THE SYSTEM 
The sample-changer consists of two distinct sections, the sample store and the counting station, which 

are about 180 m apart, the samples being transported between these positions through pneumatic tubes. A 
diagram of the system is given in Figure 1, and a detailed account of its operation is included in the 
Appendix. 

2.1. Sample Vial 
So that both solid and liquid samples can be accommodated by the apparatus, the vials are similar to 

those used for liquids in a scintillation counter. They are made from polyethelene, have screw-on caps, and 
can each hold 22 ml of liquid. The use of an additional Polycap, which ensures that the vial is leak-proof, 
constitutes an additional safety measure in cases where the cap has not been screwed on properly. Solid 
samples are usually in powder form and are encapsulated in quartz tubes, which are centred and held in 
place by a foam-rubber filling (Plate I, Figure 1). The transfer system was designed so that it can transfer the 
vial, which has a mass of not more than 30g. 

2.2. Sample Store 
The storage device for 2C0 samples is based on the design of a commercially available sample-changer 

for a scintillation counter. It oiisisis of an endless ringed sample chain (Figure 2) on an aluminium platform 
(6) that was modified by the addition of a sample transfer tube (16) and a pneumatic lift (I) for introducing 
the sample into the tube. The loading tube has an removable loading hatch (15), through which the samples 
can be loaded while the lead shielding :.s in place. The sample is unloaded through a second hole (9), which is 
located at a distance from the loading position equivalent to the width of two sample positions. When this 
hole i« opened through the activation of cylinder 10, the sample drops into a basket placed beneath the 
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FIGURE 2. Cross-section of the sample store 

platform. A synchronous stepper motor (4) drives the chain in forward or reverse direction via a gear-chain 
reduction (5). Figure 2 of Plate I gives an overall view of the sample store. 

2.3. Transportation of Samples 
When the sample is transferred from the store '.o the counting station, the pneumatic cylinder is 1 

activated and lifts the sample into the transfer tube. When the sample reaches its limit of travel, a rubber ball 
is compressed and closes the bottom end of the transfer tube. A photoceii (ph 1 in Figure 1) senses the 
sample, and pneumatic valves A and F are activated. Valve A blows the sample over to the counting station, 
and valve F releases the air during transfer. The vial accelerates to approximately 60 km/h. Just before it 
arrives at the counting station, the sample is detected by photocell ph 3. Valves A and F are dc-activated 
while E is opened for approximately 300 ms. This produces a back pressure that decelerates the vial to a 
gentle landing at the counting station. Photocell ph 4 detects the vial and commands the analyser to begin 
counting, or determines the distance and sets it automatically before giving the command to the analyser. 

When the sample is returned to the sample store, the reverse sequence takes place. Valves D and C 
open, and, when the vial passes photocell ph 2, valves D and C close, and B supplies the back pressure. 
When photocell ph 1 detects the sample, the pneumatic cylinder lowers the sample back into its original 
position in the chain. The chain advances, and the next sample is dispatched. 

.1 
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2.4. The Counting Head 
The counting head (Figure 3), which is constructed out of Perspex. is mounted on a movable trolley. 

This allows the distance between sample and detector to be varied. 
Many samples for neutron-activation analysis consist of powder encapsulated in quartz tubes; by the 

time these samples are counted, acceleration and deceleration during transfer have caused an uneven 
distribution of the powder inside the quartz tube, which gives rise to errors in the counting geometry. So that 
this is avoided, the sample is vibrated for 60 s at a frequency of 2 to 90 Hz and a ramping rate of 0,1 Hz. This 
ensures that all the particles of different sizes are compacted. The vibrat:on is accomplished by an 
electromagnet exciter (2), which transmits the vibration to the sample (9) through the sample pedestal (7). 
The sample pedestal rests on the electromagnet by means of a Teflon cap (3). Good mechanical contact with 
the electromagnet is achieved by the magnet inside the pedestal (4). which attracts the magnet in the 
electromagnet. This was done because the sample is rotated at 10r/min during the entire count. This 
rotation reduces the effect of possible unhomogenetties in the sample and eliminates errors in distance 
setting, even when the sample is not quite in the centre of the vial. The Teflon tip ensures a smooth-sliding 
contact. This method greatly improves the reproducibility of the counting geometry. The rotation of the 
sample is made possible by the synchronous motor (12) that drives the counting tube (10), which is mounted 
on roller bearings (6 and 11). When the sample is sent to the counting head, the air is exhausted through the 
holes (8 and 5) and through the valve (IS). For the return of the sample, compressed air is supplied to the 
vibrator housing (1) from the air inlet (14), and then it flows through the exhaust holes (5 and 8). A stopper 
screw (13) prevents the sample pedestal from being blown along together with the sample. Plate II, Figure 1 
shows the counting head incorporating these features. 

FIGURE 3. Cross-section of the cojnting head 

4 
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2 5 ShiekJing 
A lead shield 50 mm thick surrounds the sample store (Plate II. Figure 2). The shield is constructed in 

such a way that the store is completely enclosed except at the bottom, where a space of 120 mm is left open 
so that the basket can be placed under the platform of the changer. Samples leave the system by dropping 
into the basket through a remotely controlled port in the platform. 

The loading of the changer, with the shielding in position, is accomplished through a port in the transfer 
pipe. A radiation monitor is mounted in front of the lead shield. If the dosage of activity exceeds 25 i*Sv/h. 
an alarm is sounded, indicating that the maximum safe activity has been reached. 

The lead shielding is easily removed with two sets of aero-castors located on the bottom sides of the 
lead shield. Compressed air. which is fed to the aero-castors at 80 kPa, lifts the lead shield from the floor. 
The shield floats on a thin film of air, and can then be pushed away from the changer with very little effort. 

The counting station is equipped with a movable lead shield that surrounds the snout of the 
lithium-drifted germanium detector and the counting head (Plate III. Figure I). 

This shield reduces background interference, and prevents interference from the samples that are 
being counted on adjacent counting systems. The shield can be moved away, or lead bricks can be removed 
from the centre, and so facilitate the free movement of the counting head in and out of the lead shield while 
still obtaining background reduction. This feature was incorporated to allow for automatic distance setting. 
The details are given elsewhere3. 

2.6. Control Units 
A master-control unit and remote-control unit are available. The master-control unit (Plate III. Figure 

2) is situated at the sample store and is built into a cabinet. The remote-control unit (Plate IV. Figure 1) is 
built into a double-width nuclear-instrument module (N1M), and is situated at the counting station. At both 
control units the following facilities are provided: 

(1) a three-digit number *o show sample position, indicated by a light-emitting diode. 
(2) push buttons that provide for the following functions: forward and reverse movement of the chain 

that holds the samples, transfer and return of the sample, and unloading of the sample 
(master-control unit only). 

The front panels are engraved with a mimic diagram and fitted with corresponding lights that indicate 
whether the sample is present in the sample store, in transit, or at the counting station. The remote-control 
unit at the counting station is isolated electrically from the master control so that ground-loop noise, which 
would interfere with the sensitive counting equipment, is avoided. 

3. DISCUSSION AND CONCLUSIONS 
The effective use of neutron-activation analysis depends on the availability of a suitable automatic 

sample-changer. The sample-changer described here was specifically designed to take account of the 
demands of the neutron-activation technique. Because of the remote location of the sample store, the 
samples can be handled in a radiochemical laboratory remote from the detectors. This greatly reduces the 
possibility of contamination and of cross-talk, which occurs when large numbers «if active samples are 
stored close to a detector system. 

The ability to handle liquid samples proved to be an important feature of the sample-changer, and the 
maximum volume of 22 ml, or the maximum mass of 3()g, has proved to be adequate. Another useful 
feature of the system is that, because of the large capacity of the sai.iple store, the samples can remain in the 
store until the series of counts is completed. This greatly reduces the handling of the samples, and the 
exposure of the operators to radioactivity. 

The accuracy of the neutron-activation method depends on the accuracy and the reproducibility of the 
counting geometry, and on the effective utilization of the count-rate capabilities of the detector system. In 
view of this, the features that were incorporated in the coun'ing head, such as the facility for rotation of the 
sample, serve to reduce errors due to off-centre positioning of the sample i n the transfer bottle or to possible 
unhomogeneities in the sample. The vibration of the samples ensures that powdered materials have a 
reproducible position, vhich is particularly important when the sample is close to the detector. 

The apparatus has so far proved very reliable. Three counting systems have been implemented (Plate 
IV, Figure 2), and several thousands of samples have been processed. 
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PLATE I 

SAMPLE VIAL AND SAMPLE STORE 

Figure 1. Sample vial 
Left: solid sample 
Right: liquid sample 

Figure 2. A view of the sample store with lead shield removed (the unloading basket is in position below 
the store) 
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PLATE II 

COUNTING HEAD AND SAMPLE-CHANGER ROOM 

Figure 1. View of the counting head, showing (from left to right) the exhaust valve, sample-rotator motor, 
sample tube and vibrator, and exciter at **"e bottom of the sample tube 

Figure 2. Overall view of the sample-changer room with the lead shield in place 
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PLATE III 

COUNTING STATION AND MASTER CONTROL 

Figure 1. Counting station, showing (from left to right) the stepper motor, movable lead shield, counting 
head, and lithium-drifted germanium detector 

Figure 2. Master-control i;iiit 
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PLATE IV 

REMOTE-CONTROL UNIT AND COUNTING ROOM 

Figure 1. Remote-control unit 

Figure 2. Overall vie i of the counting room showing the three counting systems 
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APPENDIX 

OPERATION OF THE AUTOMATIC SAMPLE-CHANGER 

1. INSTALLATION 
The automatic sample-changer model 7449B consists of a sample store with its associated 

master-control module, and a counting head with its associated remote-control unit. The master control is 
powered from a supply of 220 V a.c., and the remote control ir. powered with the aid of a nuclear 
standard-bin power supply, which should have the following outputs: ±6V and ±12 \ . 

1.1. Connection to Sample Store 
The sample store is powered via the master-control module. The pneumatic air is supplied through a 

regulator, which is set to 0,3 MPa, and a 14-pair 30-gauge twisted cable connects the store to the 
remote-control module, the maximum length of cable being 200 m. 

1.2. Remote-control Unit 
The remote-control unit is connected to the master-control unit by 14 pairs of twisted cables, and the 

remote-control unit is connected to the counting head via the air unit, which contains the pneumatic valves 
and the pressure regulator (set to approximately 0,3 MPa.) 

1.3. Printing Output 
The printing output is used in conjunction with the online interface model 7908. If the system contains 

more than one unit requiring printout, the units are connected as shown below. 

7927 In 
n A.D.S.U. Out 
n 

Out 
3 

n 
t 

interface 

A.D.S.U. = automatic distance-setting unit 

The 'in' and 'out' connectors (I/O) on the rear panel of each module arc used for this interconnection 
between the loops. The order for printing is 1 through n, as shown in the diagram. 

2. SIGNAL CONNECTIONS 
2.1. Control Signals J10 

The control signals for the control of the analyser and he sample-changer are listed in Table I -1 . 

2.2. In/Out System Connector 
The signals listed in Table 1-2 are included in the in/out rear connectors of the 7449B and in the 

connectors of each of the other units designed for use in the printing-loop systetr. All but one of the signals 
are common to both connectors. The difference is in the signal on pin 7: on the In' connector, the signal is 
'Previous module finished', and, on the 'Out' connector, the signal is "This module finished'. [Tie pins n<'! 
used in this module arc wired from 'In' to 'Out', and can therefore be used in other mociules. 

In 7449 
Sample 
changer 

1 

In 7745 
Digital 
clock 

2 

In 7449 
Sample 
changer 

1 
Out 

7745 
Digital 
clock 

2 
Out 

7908 
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TABLE 1-1 

Control signals J10 

Pin Description Voltage level I/O 

1 
2 
3 
4 
5 
6 
7 
8 

Automatic supply 
Rear limit 
Return .ample 

+ A 2 4 V 

Ground to 8 

O 

I 

1 
2 
3 
4 
5 
6 
7 
8 

Start command 
Front limit 
Common limit 
Ground main control 

Ground to 8 

O
O

 O
O

 
i 

9 - - -

TABLE 1-2 

Print signals 

'In' connector Out' connector 

Pin Description Pin Description 

1 Data 1 1 Data 1 
2 Data 2 2 Data 2 
3 Data 4 3 Data 4 
4 Data 8 4 Data 8 
5 Print 5 Print 
6 Print advance 6 Print advance 
7 Previous module finished 7 This module finished 
8 Spare 8 Spare 
9 Spare 9 Spare 

10 Spare 10 Spare 
11 Ground 11 Ground 
12 Spare 12 Spare 
13 Spare 13 Spare 
14 Spare 14 Spare 

3. OPERATING INSTRUCTIONS 
With few exceptions, the functions ot the master-control module are duplicated on the remote-control 

unit. The front-panel controls «H indicators have the following functions (Plate III, Figure 2 and Plate IV, 
Figure 1). 

3.1. Digital Display 
Three 7-segment characters display the position number of the sample. 

3.2. Indicators 
A light-emitting diode indicates that a sample is present, and flashes when the loading hatch is open. 

3.3. Loading-tube Indicator 
A light-emitting diode indicates that a sample has been lifted into the loading tube and is in transit to 

the counting station. 

3.4. Indicator at Counting Station 
A light-emitting diode indicates that a sample is present in the counting station. 

II 
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3.5. Transfer-tube Indicator 
A light-emitting diode indicates that the back-pressure circuit is activated. 

3.6. Push Button with Error Indicator Pointing to the Right 
This push button either advances the sample-holder chain by one if pushed momentarily, or advances 

the chain continuously if it is held. 

3.7. Push Button with Error Indicator Pointing to the Left 
This push button either reverses the sample-holder chain by one if pushed momentarily, or moves the 

chain continuously when held. 

3.8. Push Button with Error Indicator Pointing to the Basket (Master Control Only) 
This push button opens the unloading hatch and unloads the sample, which is two positions higher than 

indicated at the sample position number. When the push button that advances the chain and the push button 
that unloads the sample are pressed simultaneously, the sample is unloaded, after which the chain advances 
to the next position for the unloading of the next sample. It should be noted that the push button that 
reverses the chain cannot operate when the unloading hatch is open. 

3.9. Manual Push Button 
When the MANUAL push button is operated and the manual light-emitting diode is lit, the push 

button that initiates the advancing, reversing, and unloading functions can be operated. 

3.10 Automatic Push Button 
When the AUTO push button is operated and a sample is present at S, the sample is automatically 

transferred to the counting station. The changer is then latched in the automatic position and cannot be 
placed in the manual mode. When the sample has returned to the sample store, the system can be placed in 
manual mode by the depression of the manual button. 

3.11. Sample-return Button 
A sample present at the counting station can be returned by the depression of the button with the error 

indicator pointing to the sample. This button is out of operation when the switch is placed in the PH A mode. 

3.12. PHA Control (Remote Control Only) 
When the switch is placed in the upper position, the analyser controls the sample-changer. When a 

sample arrives, the analyser (PHA) begins the analysis, and, after the end of the analysis, a command is 
given for the return of the sample. 

3.13. Vibration Switch (Remote Control Only) 
When this switch is placed in the VIB position, the sample is vibrated for 60 seconds at a rate between 2 

and 90Hz. 

4. PRINCIPLE OF OPERATION 
4.1. Manual Mode 

On the main and remote units, there are three available operations, which can be operated only in the 
manual mode. These operations are enabled through RE 3/15—14 and are described below (Figure 1-1). 

4.1.1. Forward Mode 
The FWD push button energizes RE 2 through RE 9/6-5, RE 1/5-6, and the lower-limit switch to 

ground. RE 2 supplies the FWD solid-state relay. 

4.1.2. Reverse Mode 
The REV push button energizes RE 1 through RE 7/5-6, RE 2/6-5, and the lower-limit switch to 

ground. 

4.7.3. Unload Mode 
The UNLOAD push button energizes RE 16, which remains energized for 800 ms after the release of 

the push button by the 400 /uF capacitor. (This delay is incorporated to allow the unloading hatch to onen 
and the sample to drop through.) RE 16/6-7 supplies 24 V for the unloading of the cylinder solenoid via Z. 

12 
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4.2. Interlocks 
The incorporation of a number of electrical interlocks prevents jamming of the sample or the chain, 

and ensures that 'illegal' commands are ignored (Figure 1-1). 

4.2.1. No-reverse Interlock 
The no-reverse interlock prevents confusion when samples are to be unloaded. 
When the unloading hatch is open, the NO REVERSE switch closes and energizes RE 7. This relay 

disables (through RE 7/5-6) the REV push button, and enables the UNLOAD delay via the position switch 
and RE 7/9-10. The UNLOAD delay energizes RE 9, and disables the FWD push button for 350 ms, so 
that each sample can drop freely. 

4.2.2. No-sample Chain Movements 
This interlock prevents the chain from being moved when the sample lift is in the upper position, which 

is when the lower-limit switch opens, disabling the forward RE 2 relay through RE 1/5-6 and the reverse 
RE 1 relay through RE 2/5-6. 

4.2.3. No Opposite Command of FWD or REV 
When a forward command is in progress, the reverse command is disabled and vice versa. The FWD 

push button RE 2/5-6 disables RE i. and the REV push button RE 1/6-5 disables RE 2. 

4.2.4. Positioning of Chain 
When the sample chain is being moved forward or reversed, it must always stop in alignment with the 

sample lift and the loading tube. When the position switch is closed, it latches RE 1/10-9 or RE 2/9-10 until 
the position switch is opened. 

4.2.5. Momentary Contact of FWD or REV Push Button 
When the FWD or REV push button is pressed for less than 50 ms. the sample chain has not moved far 

enough to latch relay RE 1 or RE 2. This is the reason tor the provision of a delay circuit, which ensures a 
contact of 50 ms or more. The relay RE !-, energizes when FWD or RFV commands are encountered, and 
remains energized via the 47 mF capacitor for 50 ms after the push button have .<ecn released. Relays RE 1 
or RE 2 are therefore held by RE 8 via contacts RE 9/9-8 and RE 2/9-10 or RE 1/10-9. 

4.2.6. Resetting to MAN at Position 200 
So that the sample-changer is prevented from remaining in a loop when in automatic mode, a steel cup 

has been incorporated in the design at position 200; this cup is sensed by a magnetic switch and causes relay 
RE 3 to de-energize. The system returns to manual mode at position 200. 

4.2.7. Control of Automatic Mode 
The remote-control system is powered by two separate power supplies, both of which must be switched 

on when the sample-changer is to be placed in automatic mode. Relay RE 6 energizes when the N1M BIN 
power supply is switched on. Relay PE 7 is energized when the air-unit power supply is on. If either or both 
the two relays are de-energized, relay RE 3, which controls the automatic function cannot be energized, and 
the system cannot be placed in the automatic mode by the AUTO push buttons. 

4.3. Automatic Operation 
When the sample-changer is placed in the automatic mode by the depression of the AUTO push 

button, the sample is lifted into the transfer tube and sent over to the counting station. The sample can be 
returned to the sample-changer by the depression of the return button or by the depression of switch SI, 
which places the analyser in the manual-control mode; in the latter case, all the push buttons at the 
main-control unit and the remote-control unit are disabled (Figures 1-1 and 1-2). 

4.3.1. The Automatic Mode 
The AUTO push button energizes relay RE 3, which is latched through RE 3/6-7, the local MAN push 

button, the remote-control push button, RE 6/1-7, and RE 7/1-7. All the manual operations arc disabled 
through RE 3/15-14, and all the circuits related to the transfer of the samples are supplied through RE 
3/15-16, giving the +A (automatic) supply. 

11 
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4.3.2. 77»e Transfer oi Samples 
When the chain is in position, the position switch, through RE 3/9-10 via RE 15/9-10 (RE 15 is 

energized when a sample is present), supplies the cylinder delay, RE 15 energizes after 750 ms, and the 
cylinder solenoid is energized and lifts the sample into the transfer tube. RE 14 remains latched through RE 
14/6-7 via RE 11/9-8. When the loading switch is closed and the upper-limit switch is closed, RE 13 (and 
RE 3 remote) energize via the diode through RE 4/6-7, which is energized because a sample is detected by 
photocell ph 1, and through RE 11/5-6 to +A. Relay RE 13 (and RE 3 remote) is latched via 
remote-control relays RE 3/7-6, RE 2/9-8, and RE 1/5-6. RE 13 energizes the FWD valve, and RE 3 
remote energizes the FWD release valve. The sample is now in transit. 

When the sample passes through ph 4, RE 1 is energized and RE 3 remote and RE 13 are de-energized. 
RE 1 causes the FWD back-pressure valve to energize for approximately 100 ms. The sample is decelerated 
and drops gently into the counting head. Photocell ph 5 energizes RE 2, which supplies three functions: it 
rotates the sample, starts the sample vibrator from SI and S2, and starts the analyser. 

4.3.3. The Return of the Sample 
The sample can be returned in one of two modes of operation: manually by means of the push button, 

or by the analyser via S1. RE 5 remote is energized by one of the two modes that energizes RE 4 remote, RE 
12, and RE 11 via RE 2/7-6. Both RE 4 remote and RE 12 are latched by RE 5/9-8 and RE 4/8-9. RE 4 
energizes the return valve, and RE 12 energizes the return release valve. The sample is now in transit. 

When the sample passes through photocell ph 2, RE 5 is energized and RE 4 remote and RE 12 are 
de-energized. RE 5 causes the return back-pressure valve to energize for approximate^ 100 ms. The 
sample is decelerated and drops gently onto the lift seat. Photocell ph 1 energizes RE 4 and unlatches RE 14 
via RE 4/12-11 and RE 11 /10-9. The cylinder descends, and RE 11 unlatches when the upper-limit switch 
opens. 

4.3.3.1. Chain Advance 
When the cylinder is down, the lower-limit switch closes, the AUTO advance energizes after 500 ms, 

and RE 10 energizes for 100 ms. The chain advances by one, and, if a sample is present anti !c detected by ph 
3, the process is repeated. 

4.3.3.2. Automode Latch 
When the cylinder is lifted and the upper-limit switch is closed, RE 3 cannot be unlatched but remains 

latched via RE 3/6-7 and the diode junction of RE 13. 

4.4. Delay Circuits 
The delay circuits depicted in Figure 1-3 were incorporated to provide the following functions. 

4.4.1. Advance Delay 
This delay was incorporated to ensure that the cylinder and sample have settled into their normal 

positions. 

4.4.2. Cylinder Delay 
This delay ensures that the chain and the sample are in their normal positions. 

4.4.3. Unload Delay 
This delay ensures that the sample falls through the UNLOAD hatch. 

4.4.4. Load Alarm 
This delay advises the user that a sample is present in this sample position and no other samples can be 

loaded. 

4.4.5. Description of the Circuits (Figure 1-3) 

4.4.5.1. Advance Delay 
The 47 jtF capacitor connected to TR 1 is discharged while the lower-limit switch is open. When the 

lower-limit switch closes, the capacitor charges via a 22 kfl resistor and, after 500 ms, switches TR 2 into 
saturation. TR 3 becomes an open circuit, resulting in the saturation and energization, for 100 ms, of RE 10 

14 
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by TR 4 through the 25 /AF capacitator. llie resistor of 2k2 and the diode between the collector of TR 2 and 
the base TR 6 disables the cylinder delay. 

4.4.5.2. Cylinder Delay 
When the position switches RE 3/9-10 and RE 15/9-10 are closed. TR 5 saturates and TR 6 becomes 

open-circuit. The 47 /*F and the 25 /uF capacitors charge via the 22 ki> resistor, and. after 750 ms. TR 7 
saturates, causing RE 14 to energize for 100 ms via TR 8 and TR 9. 

4.4.5.3. Unload Delay 
The unload delay inhibits forward movement of the chain for 350 ms \ ia RE 9/(->-5. When RE 7/9-1 (I 

closes. TR 10 saturates and discharges the 33 /xF capacitor. After the capacitor has been discharged, it 
charges via the 22 kii resistor and saturates TR I 1 alter 350 ms. causing RE 9 to de-energi/.e. 

4.4.5.4. Load Alarm 
The alarm is activated intermittentlv bv TR 1 3 and TR 14. which arc connected in flip-flop mode. Hie 

flip-flop i s powered by the loading switch and triggered b\ RE 15/6-7. 

4.5. Parallel-to-Serial and Serial-to-Parallel Converter 
This converter was incorporated to transmit the three-digit sample number to the rvmote station via 

two wires The converter is designed round two integrated circuits (Figure 1-4). 
(1) !C A2 SN74 150. 16-line to 1 -line data selector. The address inputs A. B.C. and D select which one 

of the 16 input lines is to be connected to the output line. 
(2) IC7 SN74154. 1-line to 1 6-1 jne data selector. The addres>. inputs select which one o| the 16 output 

lines is connected to the single-input line. 

4.5.1. The Transmitter 
The sequence of operation is as follows. During power on' conditions, the 2.2 ul capacitor and 

associated resistors ensure that counter BI is reset to /ero via the debounce flip-flop B2. The counter 
remains at /ero with the clock generator A I free running. The starting signal from RE 1 enables the 
counter, which then sequentially connects each of the 14 input lines (2 start bits. 2 stop bits, and 10 data bits) 
to the single output line. When the count of 14 is reached, pin 8 of B2 goes low and disables the clock 
generator A1. Throughout the transmitting sequence, the NC contact of RE I is closed. To initiate another 
sequence, die relay changes over. This resets counter B1 and enables AI via pin 9 of B2. The transmitting 
sequence is repeated when RE I is energized. The serial data format is as follows: 

The start and stop bits are hard-wired via pins 7. 8. 19. and 18 of A2. 

4.5.2. The Receiver 
'I'he receiver operates asynchronously from the transmitter. Power on reset is achieved via the 2.2 /uF 

capacitor and its associate I resistors. The data input line (pin 18 IC 7) is held low between 
data-transmission cycles. When the second start bit arrives, flip-flop IC 5 changes state and is then latched 
in this state by IC 5-8. This change of state enables IC 8 and starts the clock generator IC 9. The timing 
relationships are as follows: 

is 
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1 2 1st Data bit 
Start bits ! 

Start signal to dock generator 

Output of clock generator 

The 10 data bits are thus connected to their respective output lines, and are latched by the output 
latches IC 2, IC 3, and IC 4. On ihe 12th clock pulse (the 1 st clock pulse occurs during the third transmitted 
bit), the last stop bit is connected to the output-line pin 14 of IC 7. This resets flip-flop IC 5, which in turn 
clears counter IC 8 and stops clock generator IC 9. The receiver is now ready to receive the next transmitted 
data. 

4.6. The Printout Control NIM Daisy Chain' 
The printout control, which is incorporated in the remote NIM. facilitates the printing out of the 

sample-number position into a standard NIM printing loop. 1 he operation of the circuit depicted in Figure 
1-10 is as follows. When the printing loop is interrogated, the print signal (pin 5) goes low. IC 12 is enabled, 
and the print-advance pulse train is presented to the input of IC 16-14. When the PMF (previous module 
finished) goes low, IC 18 is set and IC 12-8 goes low. enabling the output gates IC 15. The counter IC 16 
scans, via the binary-coded decimal-to-decimal converter IC 10. the data available to the numerical display, 
which are gated by IC 14, IC ! 3, and IC 12. When the output of IC 10-6 goes high. IC 18 is clocked and the 
TMF (this module finished) is generated. The next print-advance pulse resets counter IC 16 via IC 17-12. 

4.7. The Vibrator Exciter 
The vibrator exciter compacts powdered samples to uniform packing inside the quart/ tube. The 

description of the operation of the circuit depicted in Figure 1-5 is as follows. An oscillator consisting of 
operational amplifier IC 16 changes state at intervals of approximaidy 10 s. The output of the oscillator is 
fed into an integrator, IC 17, and the output of IC 17 ramps positive up and down. This signal is fed to a 
voltage-to-frequency converter, IC 18, which gives an output of between 2 and 90 cycles. The flip-nop IC 
19, which is connected in toggle mode, toggles at the rate of the frequency input and produces a 
square-wave signal to the output stage TR 7-TR 8. The output stage drives the vibrator exciter in the 
counting head. The vibration is started when the sample arrives at the counting station, and it continues for 
approximately 60s. This timing is controlled by IC 20. 

4.8. The Photocell Detector 
Photocell detectors were incorporated to detect the samples at five different positions: 
a. at the sample-changer to detect whether a sample is present, 
b. at the transfer tube to detect whether the sample is ready to be sent over to the counting station, or 

whether it has returned and can therefore be lowered into its original position. 
c. at the down-tube of the sample-changer to activate the deceleration circuit. 
d. at the down-tube of the counting head to activate the deceleration circuit, and 
e. at the counting head to detect the presence of a sample. 
The circuit a* depicted in Figure 1-6 consists of a near-infrared emitter that is pulsed at a rate of 

3000 Hz by transistors 01 and 0 2 . which are connected in the flip-flop mode. Hie receiver, which is 
sensitive to infrared light, collects the 3000 Hz pulse transmitted by the emitter and sends these pulses via 
noise filter C4/R7 into amplifier 0 3 , which triggers timer UI, and discharges charging capacitor C6 with the 
aid of 0 4 . When the beam is interrupted, the timer is not reset and changes the output at pin 3 of UI . which 
drives the relay. The relay can be programmed normally on, or normally off, by an appropriate strap. The 
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photocells used to activate the deceleration circuit are equipped with an additional monostable circuit to 
allow the relay to energize when the sample is sensed by the photocell for less than I Oms. 

4.9. Other Details 
Further details of the circuits and units in the sample-changer are given in Figures 1-7 to I-11. 
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