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Abstract 
The performance specifications for ALS insertion devices 

require detailed knowledge and strict control of the Nd-Fe-B 
permanent magnet blocks incorporated in these devices. This 
paper describes the measurement and inspection apparatus and 
the procedures designed to qualify and characterize these blocks. 
A detailed description of a new, automated Helmholtz coil 
facility for measurement of the three components of magnetic 
moment is included. Physical block inspection and magnetic 
moment mcasuremcnt procedures are described. Together they 
provide a basis for qualifying blocks and for specifying place- 
ment of blocks within an insertion devices’ magnetic structures. 
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I. INTRODUCTION 

The Advanced Light Source (ALS) at the Lawrence Berkeley 
Laboratory will use insertion devices, wigglers and undulators, 
to produce intense photon beams. These insertion devices are 
designed as hybrid structures that include Nd-Fe-B blocks as the 
source of magnetic field that energizes vanadium permendur 
poles. The basic structure is illustrated in Figure 1, which shows 
a pole assembly including six magnetic blocks. Each insertion 
device typically contains between 1,000 and 3,000 blocks. The 
block specifications are summarized below : 

l Nominal Principal Magnetic Moment per Unit Volume 
MZ = 10.6 kOe or greater 

l Minimum allowed MZ =10.4 kOe 
l Allowed variation in M,: = +/- 2.5% 
. Alignment of magnetic axis = +/- 3”. 

The midplane magnetic field of an insertion device, which 
determines the spectral performance, is dominated by the shape 
and placement of the poles and the total flux entering the poles 
due to the adjacent Nd-Fe-B blocks. Therefore, the primary 
requirements for the blocks are on the principal magnetic mo- 
ment, MZ. The peak midplane magnetic field determines the 
nominal value of this moment. The allowable block to block 
variation is determined by the acceptable variation in the mid- 
plane field. For previous insertion devices designed at LBL, this 
was the only requirement. Experience with previous designs and 
increased performance specifications led to additional block 
specifications for ALS insertion devices. New considerations 
concern the off axis components of the magnetic moment, which 
cause beam steering, and the distribution of flux perpendicular to 
the beam direction, which is associated with quadrupole and 
higher order multipoles. These affects are most significant near 
the midplane where they have the greatest effect on the beam. 
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Fig. 1. Insertion Device Pole Structure for ALS U5.0. 

II. PHYSICAL INSPECTION 

The fist step in block qualification is a physical inspection. 
This includes a visual inspection, dimensional checks, and a 
qualitative magnetic field check using magnaview film (Edmund 
Scientific stock number 33447). The visual inspection screens 
the blocks for flaws in the plating, cracks and surface voids larger 
than 2 mm. The block width and thickness are checked by 
passing the blocks through two “go”/“no-go” gauges. Blocks that 
fall within the tolerance fit through the “go” part of the gauge, 
indicating that it is not too large, but do not fit through the “no- 
go” part of the gauge, indicating that it is not too small. 

The magnaview film consists of an emulsion of fine iron 
grains contained between two translucent plastic sheets. When 
exposed to a magnetic field the metal grains align themselves 
with the local field direction. When held under a light source, the 
grains aligned in the plane of the paper reflect and this region 
appears light. Other regions appear dark. By putting a sheet of 
the magnaview film in contact with a block and viewing under a 
light, one can get a picture of the magnetic quality of the block. 

III. HELMHOLTZ COIL SYSTEM 

After the blocks have been examined by the procedure 
described above, the Helmholtz coil system is used to measure 
magnetic moment. The following objectives were established 
for a new Helmholtz coil system. 
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1) The system must measure three components of mag- 
netic moment to an accuracy of +/- 0.1% of the main 
component, Mz. 

2) The system must be fast; capable of processing at least 
20 blocks per hour. 

3) The system must be easy to use and must minim& the 
possibility of human error. 

4) The system must store data in a standard, secure and 
accessible format. 

The first three requirements, coupled with the need to mea- 
sure upwards of 10,000 blocks, motivated the design of an 
automated system. This was based on the recognition that the 
manual procedure used previously was slow, extremely tedious 
and prone to operator error, and would bc incompatible with the 
construction schedule and the large number of blocks to be 
measured. The fourth requirement motivated the incorporation 
of a standard commercial data base system into the data acquisi- 
tion software. 

The Helmholtz coil functions in the following way. When a 
block at or near the center of a Helmholtz coil is rotated continu- 
ously, a periodic voltage is induced according to Equation (1) 
below. 

V(t) = $$m+os(m) + {m,cos(X) + m,sin(X)]sin(wt)], (1) 

where N is the number of turns in each of the two coils, R is the 
radius of the coils (m), G = 1.3975 is the geometry factor for a 
Hclmholtz coil pair [l], and w is the rotation rate (radians per 
second) for the block. The angle x corresponds to the angular 
orientation of the block with respect to the spin axis. The three 
components of magnetic moment arc determined by first rotating 
the block about an axis parallel to ml, x = 00, and then flipping the 
block so that it rotates about mZ, x = 90”. A Fourier decomposition 
of the sampled voltage for the first orientation dctcrmincs mL and 
m Components mx and my are determined from the second 
ohentation (note the redundant measurement of my). 

The Helmholtz coil voltage is sampled 256 times per revolu- 
tion, for 10 revolutions, for both configurations, c = 0” and 
c = 90”. The voltage is corrected for the instantaneous velocity 
and the values from each revolution are Fourier analyzed scpa- 
ratcly. The average of the 10 resulting amplitudes is used for the 
vault of the moment and the variation as a measure of the error. 

A. llardware 

Figure 2 is a photograph of the Hclmholtz coils and the 
associated mechanical hardware. The system consists of two 
60 cm diameter coils and a rotating block holder driven by a 
servo motor. A linear actuator is coupled to the head assembly 
and produces the 90” block flip. The magnetic blocks are sccurcd 
in the head with a keyed fixture. An incremental rotary disk 
encoder is altachcd directly to the spin axis. 

Figure 2. Helmholtz Coil and Mechanical Hardware 

The magnetic moment measurement system also includes an 
operator interface stand and an electronics rack. The operator 
stand includes a Sun 3/80 workstation and an operator 
“keystation.” The workstation is the operator interface during 
measurements; it performs all the data processing, database 
storage and access to measurement results. The “kcystation” is 
a safety fcaturc that prcvenls access to the block holder while it 
is rotating. When the key that is used to lock the block into the 
holder is inserted into Ihc “kcyslation”, aLexan shield is lowcrcd, 
the head is allowed to rotate, and Lhc Lest begins. 

The electronics rack contains various instrumcnls and a real- 
time subsystem for fast data collcclion and instrumcnl control. 
The equipmcnl includes a VME cralc, a Hcwlclt Packard 3458A 
digitalvoltmeter(DVM),aCompumotorKHX-250servodrivcr/ 
controller for Ihc block rotation motor, and a Compumotor AX 
driver/controlletfor a linear actuator that executes Lhe block flip. 
The VME crate includes a Motorola MVME-147 real time 
central processing unit (CPU), a Burr Brown MPV991 timer/ 
counter module, and a Motorola MVME-300 GPIB controller. 

The MVME-147 provides real-time data collection and in- 
strumcm control. The DVM samples the coil vol~ge, which is 
stored in internal memory. Sampling occurs when triggers arc 
rcccivcd from the timcr/countcr module, which proccsscs 1024 
pulses per revolution from theTcledync Gurlcy model 8708 ring 
cncodcr. Time between pulses is measured to provide angular 
velocity information. 

2740 

PAC 1991



Figure 3 is a logical block diagram of the hardware compo- 
nents and their interconnections. The DVM is controlled and its 
data is retrieved via GPIB. The motor driver/controllers arc 
connected to the MVME-147 viaRS-232 ports. Communication 
bctwecn the MVME-147 and the Sun 3/80 workstation occurs 
over an Ethernet interface. 

B. Soff ware 

The software is divided into two major subsystems that 
correspond to the real-time hardware and the operator worksta- 
tion. Coordination between the subsystems is provided by using 
the Sun remote procedure call (RPC) mechanism. Figure 4 is a 
block diagram of the software modules. 

The Mv300 module controls the MVME-300 GPIB control 
board. The Dvm interface module is for communication with the 
DVM via the IEEE-488 intcrfacc bus and the Mv300 device 
handlers. The dcvicc handler for the WV991 timer/counter 
module, Mpv991, provides services for access and control of the 
parallel counter channels and interrupt controller. Encoder is an 
interfacemoduleforsetup,initiation,andsamplingofIheMPV991 
timer/counter with the specific hardware interconnections for 
our system where it is interfaced with the spin axis incremental 
encoder. Flip is an intcrfacc module for communication with the 
flip axis motor driver. The module is used to initialize and 
calibrate the flip axis positioner as well as toggle between the two 
measurement configurations. Scmn,rvc is the top level scrvcr 
task on the real-time subsystem that provides remote procedure 
call service to client tasks. This task is spawned during system 
initialization and it listens to the network for service requests. 
Stun-clntisthcclientinterfaccmodulc. Itresidesontheoperator 
workstation as a subroutine library that coordinates network 
connections, RPC access, and disconnection to the server mod- 
ule. ScanMasfer is the routine that runs on the operator 
workstation and provides basic coordination of the measure- 
mcnt, user prompts and information, retrieves and proccsscs 
data, and stores measurement results. Results arc stored in an 
Informix database; access to the database is provided by struc- 
tured query language subroutine calls embedded in ScanMaster. 

IV. CONCLUSIONS ASD OBSERVATIONS 

The Helmholtz coil system described above has been opcra- 
tional since January 1991. A total of 4866 Nd-Fe-B blocks have 
been succcssfullymcasured. An avcragemeasurement rate of20 
blocks per hour was sustained while it was in operation, and peak 
mcasurcmcnt rates were as high as 40 blocks per hour. Rcpeat- 
ability of mcasurcments was verified by rcmeasuremcnt of a 
rcfcrcncc block bcforc and after cat h day’s sequence of measurc- 
menu. This block was measured over 100 separate times during 
this period. The standard deviation of these measurements was 
+/- O.&l%, some of which isdue to temperature variation that can 
be corrected for. 
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Figure 3. Block Diagram of Hclmholti Coil Hardware 
Components 
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Figure 4. Block Diagram of Software for Hclmholtz Coil 
Automated Block Mcasurcmcnts 
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