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HYBRID UNDULATOR DESIGN AND FIELD ERROR ANALYSIS 

Ma youwu , Zhang Zhaoming , Liu Bo 

Institute Of Atomic Energy,Eeijing 

P.O. Box 275(17), 

Abstract- A 1.5 m hybrid tapered undulator has been 

designed and built at IAE, Reijing.The magnetic gap and 

taper of undulator 31-p variable. The undulator scrvcs as 

the experimcnc of 10&m free electron laser(FEL) and the 

benchmark for future long unduiator designs’for advanced 

FEL. The feature of designs, optimization of the magnetic 

parameters and field error analysis will be disscused. 

I Ir.droducc ion 

Since ‘A FEL project at IAE’ was reported in the pro- 

ceeding of ninth international FEL conference [l],a1.5m 

hybrid tapered undulntor has been designed and built at 

IAE. The magnetic gap is continuously varied.Thr magnetic 

taper is independently tuned in three scction.First, the 

undulator serves as the experiment of 10.&n FEL.Then,the 

performance of magnetic field serves as benchmark for 

future long undulator design for advanced FEL.The undu- 

lator design utilizes the REC-steel hybrid planar confi- 

guration .The permanent magnetic material SmCog!2:17)was 

chosen. The remanent field Br is 1 T, the coercive force 

is 8500 Oe. The reversible temperature coefficient is 

0.03%/O c * In this paper,the salient features of undulator 

design, optinization of magnetic parameters, and field 

error analysis will be disscused. 

2.The IAE undulator design 

The undulator is a REC-steel hybrid tapered planarcon- 

figuration.The length of undulator is 150 cm.The prriod 

is 3 cm.The number of periods are 50. Fig. 1 shows the 

mechanical layout of the undulator. 
l*mgn~tlC block 
2.rerercncc Pl.LC 
3.*a‘emply holder 
4.tmrep,.ce 

Beijing, Cllina 

The magnet blocks will be glued into aluminum assembly 

holder. The holders in turn are bolted into the magnetic 

tapcrcd slots. The baseplate supports three sect ion 

of magnetic tapered slot. The magnet.ic gap may continu- 

ously varied from 4 mm to 40 mm by means of four ball 

screws with opposite handed threads. The gap tuning of 

each period will be variable between C and 1.5 mm by ro- 

tating screw with the wedge and the spring sheet. It is 

very advantageous to obtain the homogeneity of magnetic 

field. The magnetic taper may independently tuned in per 

section of magnetic tapered slot by means of the screw 

by varying the gap at one end relative to the other. 

The high quality of the undularor fie1.d was achieved 

by (l)the simulation calculation of field,(?)the careful 

selection and pairing of magnet blacks,(3) strict limit 

for mechanical tolcrnncc during fabrication and assembly 

(4) precise mcasurcment of magnetic field. 

The permanent magnet used in the undulator is SmCog(2:17) 

Four hundred blocks of magnet have been mawfactured and 

tested . Its dimension is 45XBOX8 mm . The tolerance is 

better than O.O5nm- The spread of the remnnent field is 

23%. lhe deviation of the magnetizing angle is?Z2*. 

The undulator has been specifically designed ThP t.o- 

lernnce of the magnetic blocks is better than -0.05 mm. 

The flatness of the baseplate and the reference plate is 

better than Z!ZO.OS mm.The precision of the ball screw is 

O.Olmm.the baseplate, reference plate, magnetic tapered 

slot, and magnetic assembly hnldrr arc a 1 1 .nndr rrom 

stable cast aluminum alloy. 
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That is,the maxinxlm peak fjeld is rc.ual ro minimum peak 

field. lf the symmetry of t.hi? errc,r’ is desrroied, it res- 

u 1 t s i I: tile variation of the m:ignitudc and thr s yrnc t r‘” 

of the pe,~k field. 
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Fig.6 i‘iisld error ‘Js the spread cf 
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