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Abstract: 

As the requirements for the SNQ-target and the target station 

at all have been well defined, an improved design and essential 

dimensions and geometries could be fixed recently. Important 

nuclear data for the uranium and tungsten target have been cal- 

culated using the improved technical design of the rotating 

target. These nuclear data have been taken as a basis for tem- 

perature- and stressprofile calculations especially in the hot 

spot plane of the uranium target pin. Furthermore the feasibi- 

lity of the target wheel design has been proven in several 

manufacturing and functional tests. 
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1. Introduction 

The neutron target facility of the SNQ has to meet the follo- 

wing two basic requirements: 

1. Generation of neutrons by conversion of protons supplied by 

the accelerator with as high as possible a yield. 

2. Provision of all technical means for optimum utilization of 

the generated neutron radiation. 

The technical realization of the neutron target facility must 

in addition to these two basic requirements also take into 

account the following essential conditions: 

- safety during normal and abnormal operation situations, 

- high availability of the facility (about 6000 hours of 

operation per year), 

- design flexibility of the facility for adaptation to the 

developing ideas about utilization (probably different ope- 

ration modes)‘and for the use of different target materials. 

As the basic requirements and the conditions for realization 

can by no means be met independently of each other, the present 

overall conceptual design of the neutron target facility is to 

be regarded as an "optimum technical compromise". 

2. General outline of the target facility 

The main data of the proton beam determining the design of the 

target are shown in Tab. 1 
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final energy 

dc beam current during pulse 

average time current 

repetition frequency 

beam pulse duration 

1100 MeV 

200 mA 

5 mA 

100 Hz 

0,25 ms. 

Tab. 1: Main data of the proton beam 

The essential part of the facility is the heavy metal target, 

to be built as a rotating wheel. The target wheel has a diameter 

of about 2.5 m and is to be rotated at a frequency of 0.5 s-l. 

The heavy metal material (depleted uranium; tungsten during 

start-up phase) is arranged in an annular space of 40 cm width 

at the periphery of the wheel. Size and rotation frequency of 

the target wheel prevent the same target material from being hit 

by two successive proton pulses thus significantly reducing the 

thermomechanical and irradiation induced stresses of target and 

structural material (especially of the rotating window) compa- 

red with a static arrangement (factor of 200). The part of the 

target hit by a proton pulse can be cooled down to a fairly low 

temperature level by relatively simple water cooling within the 

following 2 seconds until the next impact. 

Fig 1 and 2 give an overview of the neutron target facility. 

Protons from the linear accelerator are guided through a spe- 

cial beam tunnel to the neutron target. The rotating target is 

imbedded in a shielding block immediately adjacent to the end 

part of the proton beam tunnel. The target block ensures safe 

shielding of the radiation emitted from the target, and also 

contains the main installations for the experimental use of the 

facility, for instance moderation and extraction of the neu- 

trons generated in the target. The target wheel, positioned 

in the centre of the target block in a cavern combined with its 
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drive unit (KLA), which also serves to cool and support the 

target wheel, is mounted as a substructure on a movable shiel- 

ding plug. It slides on a track inclined at an angle of 45' in 

a forward direction relative to the proton beam from the cavern 

(operation position) to the target cell (handling position). In 

the target cell all necessary handling of the target disc and 

all the other components mounted on the plug can be carried out 

by remote control safely and without delay. 

Below the target wheel a lead reflector and an H20-moderator 

are installed. Eight to ten multiple beam tubes with at least 

two beam switches lead to the H20-moderator, two more to a 

cold source located in the centre of a large reflector above 

the target. In addition two bundles of six neutron guides lead 

from the cold source into the neutron guide hall adjacent to 

the target hall. 

Furthermore the neutron target facility comprises ancillary 

systems, mainly cooling loops with purification and degassing 

installations, as well as vacuum systems and control equipment 

(internal control installations) providing for safe operation, 

as well as for high operational availability. The components of 

these installations are mainly housed in the basement of the 

target hall. 

tar@ hall neutron,duct hall 

Fig 1: SNQ-neutron target facility (schematic) 
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Fig. 2: Neutron target facility (longitudinal section) 

3. The rotating target 

The rotating target, depicted in Fig. 3, is a combination of 

the target wheel and the KLA assembly (KLA = german abbreviation 

of cooling water supply, support bearing, drive). 

- The target wheel contains at its periphery the target material 

from which the heat, generated by the spallation process, is 

removed within one turn of the wheel by the cooling water. 

- The KLA supports the target wheel, rotates it around its axis 

and connects the cooling water in- and outlet of the target 

wheel with the stationary substructure. 
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- The target wheel and KLA are bolt,ed together and the joint is 

sealed watertight by metallic seals. This joint can be hand- 

led remotely. 

The rotating target unit is mounted onto the sliding plug as a 

substructure. 

Target wheel 

The target wheel unit consists of two subunits 

- wheel structure 

- target structure. 

The structural design of the target wheel is radially symmetric. 

The evaluation of the various geometric arrangements of the 

target material inside the target wheel with respect to the in- 

fluence of temperature, stresses, target material packing den- 

sity, penetration depth of the proton beam, pressure losses of 

the flowing cooling water and special manufacturing techniques 

lead to the so-called "pin target", having the following advan- 

tages: 

- low thermal stresses in the pins due to the possibility of 

free expansion in radial and axial direction; 

- quasi homogeneous arrrangement of the target material rela- 

tive to the proton beam axis; 

- good cooling water guidance within the target pin arrangement. 
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Target wheel structure 

The design minimizes the number of welding joints by forming 

the target wheel from three forged parts. Those three forged 

parts are: the bottom support disc, the lid disc and the rota- 

ting window (Fig. 4). 

The technical data of the target wheel are presented in Tab. 2. 

The cooling water enters the target wheel from the KLA at its 

centre and flows evenly distributed in a radial direction 

through the target pin arrangement from the centre to the peri- 

phery. At the periphery of the target structure the outgoing 

cooling water is diverted by the rotating window and returns 

through channels inside the lid and bottom support disc. 

R 
..___ __...__~_ 42560 ..___ ___ -_~_- _.______.__._.___ ~ ..___ . _, 

1: axial turbine 
2: prcssurised water for hydrostatic axial bearing 
3: Ud disc 
C: prcscurised water for axial bearing 
5: slide ring 
6: cooling water 
7: metal seal 

14 14 8: botts 
9: syphon 

10: support disc 
11: target pin 
12: rotating window 
13: roller bearing 
1): return cooling water 

11 

Fig. 3: Target wheel for tungsten or uranium target for 1100 MeV 

mounted on KLA type II 
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The channels bored in the lid and bottom support disc are con- 

nected by annular channels and the cooling water is guided from 

the bottom annular channnel in vertical bores into the annular 

channel of the lid. From the annular channel in the lid the 

cooling water flows through bores towards the centre of the 

target wheel, where itreturns through an annular gap arranged 

concentrically around the water inlet bore. Water in- and out- 

lets of the target wheel are in the form of syphons, so that in 

the case of pipe rupture in the cooling water system the target 

pins remain under water. 

The design of the target wheel structure facilitates the disas- 

sembling after termination of its operation. 

The structure of the target wheel carries the weight of the tar- 

get material and provides for guidance of the cooling water as 

described above. It easily withstand the tangential accelera- 

tion forces caused by the target wheel rotation. The average 

centrifugal acceleration is less than 10 m l se2 due to the 

low rotation frequency of 0.5 s-l. The weight load of the 

target material of about 35 KN is also of minor importance for 

the stresses of the target wheel structure. 
ROTATING WINDOW 

r 
\ 

rffffffff rffffl 

TARGET PINS TA;RGET ;TRUCTyRE 

SUPPORT DISC 

Fig. 4: Exploded view of target wheel 
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The dominating factor for the dimensioning of the target wheel 

structure is the static water pressure of 2.5 to 3.5 bars in 

the target structure. Detailed stress calculations have been 

carried out. 

In order to verify the pressure loss calculations for this com- 

plex cooling water channel system in the target wheel, measure- 

ments on a 1:l model are being carried out. In addition welding 

tests with electron beam and argon arcwelding of target wheel 

structures on a 1:6 and 1:4 sc.ale are being performed. 

revolution frequency 

outer dimensions 

diameter 

height 

inner structure of target 

technical target depth 

number of target pins 

number of staggered rows 

outer diameter of target rods 

clad of target pin 

material 

0,5 Hz 

2565 mm 

166 mm 

cylindrical target pins in 

staggered rows 

362 mm 

8464 mm 

23 mm 

20,2 - 14,3 mm 

clad thickness 

structural material of target wheel 

target material 

circaloy/AlMgSil 

0,5 mm 

Al MgSi 1 

urani urn 

(UMo 10) 

target cooling 

cooling water flow rate 

temperature increase 

pressure loss over target depth 

500 ma/h 

21,5 K 

1,0 bar 

total pressure loss over target wheel 1,5 bar 

weight target wheel 

total 4672 kg 

target material 2957 kg 

structural material 1715 kg 

Tab. 2: Target wheel (technical data) 

(tungsten) 

(250 ma/h) 

(1033 K) 

(0,4 bar) 

(0,6 bar) 

(4864 kg) 

(3149 kg) 

(1715 kg) 
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Thermal/nuclear data 

Table 3 shows essential thermonuclear data for the uranium and 

tungsten target which have recently been calculated by Filges 

et at /l/ using an improved technical design of the rotating 

target. 

. 

range of protons (cm) 
target depth for 95% of neutron production (cm) 
target depth for max. neutron discharge (cm) 
max. energy deposition (J/cm31 

-per pulse 
-during rotation through the proton beam 

temperature increase during rotation through 

the proton beam in hot spot (KI 

average capacity in target (MWI 

uranium 

48.3 
36.0 

8.0 

149 
238 

10-t 

12.5 

tungsten 

44.4 
36.0 

7.5 

99 
127 

57 

3.0 

Tab. 3: Thermal and nuclear data of target 

Target structure 

Cylindrical target pins in symmetrical geometric arrangement in 

the interior of the target wheel form the target structure. 

Each pin consists of an inner target material core covered by a 

wall (cladding). This clad ends in an upper and a lower cylin- 

der, which fix the target pin in the corresponding positioning 

bores of the bottom support and the lid disc (see Fig. 5). 

The arrangement of the target pins in the target wheel is given 

for the uranium target for an energy of the proton beam of 1100 

MeV (Fig. 3. The target wheel with tungsten target pins is iden- 

tical in its arrangement). 
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Target wheels of this arrangement for both heavy metals can most 

likely also be used for significantly lower proton beam ener- 

gies (from 600 MeV up). In this target there are 8464 single 

target pins arranged on 23 concentric circles. 368 target pins 

are positioned on each of these concentric circles. The angular 

separation of the pins is the same on each of the circles thus 

necessitating different diameters of the target pins for each 

of the circles. Between neighbouring pins there are 1 mm gaps 

for the cooling water flow. The target pins are cladded (0.5 mm 

wall thickness) in order to prevent the direct release of spal- 

lation products from the pin surfaces of the target material 

into the cooling water and in addition to avoid the contact of 

uranium with water. In order to keep the release of spallation 

products from the surfaces of the cladding material into the 

cooling water as small as possible, a cladding material with a 

low atomic weight and a low density will be given preference. 

COOLING WATER 

BoRES \--. 

LOWER SUPPORT 

COOLING WATER,-' 
BORES 

Fig. 5: Target pin 
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Thermal and stress analysis 

The heat energy impact to a target pin is limited to a certain 

time interval by the rotation of the target wheel. The tempera- 

ture rise takes place instantaniously within 250 us because the 

rotation speed of the wheel is adapted so that each pin is ex- 

posed to one full proton pulse only. After this heat-up event 

the target pin is cooled down by the cooling water flow outside 

of the proton beam for the time of the wheel revolution of 2 

seconds. So the time dependent temperature trend of one pin is 

also pulsed having of course a significantly smaller repetition 

frequency (0,5 s-l) compared with that of the proton beam 

(100 s-l). 

The temperature rise for the target pin (hot spot in the pin 

centre, including proton beam rim effects) is 107 K for the 

uranium; 57 K for the tungsten material (see Fig. 6). 

t 300 

%2so 
s 
= 200 

& 150 

E 100 

50 -_----_-__--________~~~~~~~~ COOLING WATER 

1 L . . . I . ..- 

0 s 10 15 i. THE IsI 

Fig. 6: Time dependent temperature trend for the target pin hot 

spot (start up behaviour for 1100 MeV, 5 mA, uranium, 

tungsten). 

Due to the different energy impacts and heat conductivities of 

uranium and tungsten (UMo 10 = 0,16 W/cm K; W: 0,90 W/cm K) 

the temperature levels in the pin centre at equilibrium are 
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also different. After start up of the proton beam the tempera- 

ture equilibrium is achieved for the tungsten target after 4 

cycles (8 s) and for the uranium target after 7 cycles (14 s). 

To keep the temperature level in the target material as low as 

possible the cladding tube is solid bonded to the pin to 

achieve a good heat transfer between the target material and the 

cladding. The temperature gradient over the pin cross section 

generates linked mechanical stresses, which are increasing with 

growing radius. The actual stresses, however, are well below the 

yield strenght of the target and cladding material (see Fig. 7). 

[ROSS-SECTION TAR6E1 PIN 

2 x0 
= 300 
e 250 
2 200 
S 150 
g 100 COOLIW6 WATER 

E so 
0 -n -15 -11 -5 0 5 1: 15 2a 

PIN RADIUS ( mm I 

Fig. 7: Temperature and stress profile in the hot spot plan 

of the uranium target. 

K!_A-unit 

The KLA-unit has to serve the following functions: 

- function 1: Providing cooling water flow to and from the tar- 

get wheel rotating in a vacuum atmosphere where only slight 

water losses are permitted. 
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- function 2: Taking up all generated forces, i.e. the weight 

of the target wheel as an axial force and the effects of 

imbalance and gyroscopic moment. 

- function 3: Effecting the rotation of the target wheel at 30 rpm. 

To fulfil function 1 all KLA-versions tested so far need a 

sliding ring seal. Sliding ring seals are proven standard com- 

ponents. However, in this special case they have to function in 

a vacuum environment and in a field of high level radiation. 

Therefore corresponding tests are being carried out at present. 

Different approaches are examined to fulfil function 2. In a 

first tested version the axial and radial forces are taken up 

by hydrostatic pressurized water bearings. 

The experience gained so far and the results of the tests of 

the KLA type I led to the design of a second version (KLA type 

II, see Fig. 8). KLA type II also has the proven hydrostatic 

axial water bearing of type I but has only one radial bea- 

ring. This radial bearing is a ball bearing of 430 mm dia- 

meter running without additional lubrication in the cooling 

water. This kind of application is not state of the art, so 

that corresponding development work and tests on an original- 

sized ball bearing have been started. Furthermore the KLA 

type II is equipped with an axial water turbine instead of a 

radial turbine as used in type I. By this method outside ducts 

for the cooling water as in type I are avoided, so that all 

water connections between the support and the KLA are only 

inside the bottom flange. By this means remote handling is 

facilitated. 
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hydrostatic axial baaring 

tooling water prrssurisrd tooling water presswised rooliig water 
rrtwl water turbii~ inlet water turbine rrturn 

Fig. 8: KLA type II for cooling water supply, support bearing 

and drive of target wheel (hydrostatic axial bearing, 

radial roller bearing and axial turbine as drive) 

Another difference of the KLA type II to type I is a second 

sliding ring seal instead of a labyrinth seal. Both form an 

annular vacuum chamber, that surrounds the first slide ring 

seal. Thus the monitoring of the leak rate of the first slide 

ring seal becomes possible. Tests of a corresponding dry 

running slide ring seal on a 1:l scale have been started. 

The material for the slide ring seals is under development. 

Since the combination of tungsten carbide against carbon is 

well established functional and radiation tests for these ma- 

terials are under way. Furthermore the combination of silicon 

carbide and carbon is under investigation (reaction bonded 

Sic, Sic/graphite compound materials, carbon/graphite mate- 
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fials), because less friction and less radiation damage could 

be expected for these materials. 

The long time tests of a slide ring seal on a 1 : 1 scale with 

non radiated tungsten carbide under original temperature and 

pressure conditions show good results with a total water 

leakrate of about 1 cm3 l h-l into the surrounding vacuum 

atmosphere. 
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