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Summary
An account is given of the difficulties encountered

and the methods used to overcome them in the aligmnment of
tanks 2 and 3 and the drift tubes they contain. The work
was carried out at A.E.R.E. Harwell,
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Mechanical Alignment of the Proton Linear Accelerator
Type 850

Work was commenced in June of this year to set
up the 10-30 MeV (tank 2) section and the 30-50 MeV
(tank 3) section of the accelerator on to the beam axis
as defined by four stands, preset by A.E.R.E.

The equipment provided was a Taylor, Taylor &
Hobson.micro alignment telescope with suitable targets
for the axial alignment of the liners and drift tubes.
The gaps between drift tubes were measured with a
specially designed travelling microscope using combination
length bars and a 12" scale etched on glass. This device
was built for tank one and special mounting brackets were
made to adapt it for tanks two and three. As the carrier
system was only 20 feet long the measurement of tank 2
had to be done in two parts. First, a measurement of the
distance between the entry end and drift tube No. 25 then
the equipment had to be dismantled and set up on the exit
half of the liner. Consistent results could not be
obtained although modifications were made,and precautions
taken and eventually A.E.R.E. agreed to manufacture
additional carrier parts to enable the measurement to be
made without intermediate dismantling.

Steps were taken to determine how much the
alignment of the liner and drift tubes would be disturbed
by the replacement of the 1lid. The distortion so caused
was found to be serious. Clock gauges were placed between
the flange of the vacuum envelope and the liner at twelve
points and the worst reading was a movement of 0.040 ins.
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The loading on the 32 points of support was
equalised as far as possible by the use of suitable shims.
All the readings were brought below .005 ins, by putting
the 1lid tie bars in tension on one side,and in compression
on the other to counteract a noticeable twist in the 1id.
Only the four end bolts and dowels were used, since the
use of the others increased the diptortion.

Measurements were made of the change in length
of the two end gaps caused by putting on the 1lid,so that
they could be allowed for in the drift tube alignment.

The changes were due to slight bowing of the end wheels
which tended to straighten out when the 1id was bolted

down at the ends. In putting on the 1lid, the entry end

gap reduced by 0.035 ins. and the exit end gap by 0.010 ins.

At this time, the 1lid of tank 1 was off and A.E.R.E.
suggested that the four datum standscould be checked.

They were found to be wrong and were reset in association
with A.E.R.E. This was done in the late evening to try
to reduce reading errors due to thermal currents. During
the process many readings were taken to determine the
experimental error involved in the use of the telescope
and targets. The errors had a standard deviation of
approximately 0,002 ins. with the target at forty feet
from the telescope.

The liner now having been positioned, drift
tube alignment commenced. After three drift tubes were
set, cross checking of the length measurements brought
to light serious inconsistences. PFurther checks pointed
to errors in the etched glass scale. A.E.R.E. checked
its calibration and found it correct, and the error was
proved to be due to the fact that the plane of the scale
did notcoincide with the centre line of the measuring
bars. A.E.R.E. manufactured a new scale carrier in
which this fault was overcome.
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In the meantime the drift tubes were aligned
axially and it was found that the majority of them were
below the centre line of the liner., Shims £" thick and
in some cases 4" thick had to be used on most of the
cradle castings to give sufficient clearance for the
drift tubes to be brought up to the beam axis.

On the completion of the new scale the gap
length setting was started. In most cases it was found
impossible to move the cradles along the support bhars
sufficiently to obtain the correct reading because the
clearance between the drift tube foot and the liner had all
been used., The only remedy aveilable was to make a padded
clamp to fit the drift tﬁbe body to enable suitable bending
mnoments to be applied to the legs. This should not have
been necessary if all the drift tube legs had been
perpendicular to the body axes. In view of the many
difficulties encountered, A.E.R.E. decided that the
standards of alignment asked for were unrealistic., The
limits decided upon were i.OOSVins. for the length between
the entry end of the tank and the front face of each drift

tube and .
- b of EE R
5 (8=)" £ 0,005 ins. -0y - /»/lj"’
i , . Beam Auis
S (6 ]*4 e
; T £ 0, ins.
where dx = displacement of centre of drift tube

axis from beam axis

the distance between the projections
on to a plane Jde t0 the beam eaxis,of
the two end displacements

N = number of drift tubes.

it

dy
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All drift tubes were set to these limits,but on
rechecking after completion many of them were found to
have moved from their original settings. The worst were
reset giving:

T e Sy
2%2 = 0.0068 ins. Z‘\(';ﬁ) = 0.0097 ins.

with the length measurements within 5 5 mil., these readings
being accepted by A.E.R.E.
The alignment of liner 3 was then started. The
liner was found to be fouling the liner support raft. A
rotary file had to be used before the liner could be set
in position. It was found that putting on the liner 1id
only moved the liner by a small amount and this was
easily brought within .005 ins. by adjustment of 1id tie
bar tension.
The setting of liner 3 drift tubes proceeded
much more smoothly than for those of liner 2 and it was
possible to position most of them by use of the adjusting
screws. On checking the reading three drift tubes were
reset and the final figures were:-
Displacement from beam axis:
r @2 %
S, S
r ((S )2:1&
$ipr- -—é;j- = 0.0049 ins.
i Tl e
All length measurements within O.ggsins.
The acceptance of these figures by A.E.R.E. completed
the job.

0.00475 ins.

i
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Drift Tube positions after alignment

Tank 2. Sheet 1. (Nos.0-12 inc.)

DT.No Lateral positim Length
Corrections reqd. .Errors redicted|measured T T Temp
Front | rear Disp | Tip in in| Cu .Fe Corr ection
% 170
mi mil nil mi
% 5 4 7.15 | 3.16] 1.922 | 1.924 [19.0]19.0] 00005
s 7 ‘ -
> B > add to |
‘;l Tl 5.8 8.25 10,512 106 51:8 " " Imeasured
: i length
3 6.7 108 | 19.2 19.258 ¢ y
9<a 21 9.2535 | 19.25
4 9 10 8.5 : & 28,150 28.155 s " #
&7 et
5 4 8 8 37.1975 | 37 .204 il B
¢ 2 11
6 s 1R 1.4 4 46,3985 | 46,396 it i i
7 6. i . . " . "
7?1 sﬁ 9 55. 7495 | 55.753
8 2 240 2.2 | 6.2545 | 65.259 " " 1
2e— l<‘—T :
9 129 — Bib. DT 31TARY [ragus § ] o "
10 —, y— 0 6 84.7175 | 84.722 " " »
X 9 2 Ted 9.8 | 94.678 4,683 2 4 "
A | s :
12 4 3.5 9.9 |04 .789 [104.794 - ? -
i B

L‘h+< 7 L‘z« = f(b:)“ i o ?}K "//’!”7"”/ t7 ﬁ:"/a)
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Drift Tube positions after alignment
Tank 2. Sheet 2. (Nos. 12-28 inc)

DT.No.| Jmteral vosition Length
Corrections reqdd Errors | predicted|measured o o Temp
Front | rear [Disp| Tip| in| in| % "Fe|gorrectim
mil mil [mil | mil it
13 HeT | X 4.6| 15 | 115.0505 [ 115.052 [19.0]19.0|<0%0005
14 15 5*11 4 |6.4]125.4625 |125.462 | " | " | add to
i | Te— | 6.3]4.5]136.0275 | 136.033 | " | " | measured
16 e 23 | 1.5|2.2]146.7395 | 146.743 | " | * | 1lengtn
17 17,3 591 | 1.4| 18 {157.6005 [157.601 | * | ® "
18 2. 13 2.5| 17 |168.6155 |168.620 | " | | owo005
19 5'2 E’3 D81 1 1178. 718 179.783 |19.5]19.5| less
20 ] o | 11| 9 [191.0895 |191.094 | n | v | than
21 5’13 2*7q | 12| 4 |202.552 |202.550 | » | | 0%0005
as —3 | %33 | 6-5]|15.5/214.1636 | 214,268 | w] w|
23 0 |j5'3 6.7]13.5]225.923 225,925 | " "
24 Bise L0 1 155 At 19570032 T asrBae | o} "
25 154 se— | 2.5| 10]249.8895 | 249.892 | v | "
26 13 4+— | 2.5} 5 |262.0965 | 262.097 | "| ® "
27 10e— g% 1 10 |274.448 | 274.447 | | ™ "
28 g lg 5 |9.5|286.949 | 286.951 | "| "
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Drift Tube positions after alignment

Tank 2. Sheet 3. (Nos., 29-41 inc)
DT ,.No. Lateral position Length

Corrections reqd 'Error? .predict?d measur?d TCu TFe .Temp:

.F;ggf ﬁ;ﬁf HEEF' %ﬁ in. inf o4 | og Correction
29 W20 3’ 14 16 [299.596 [299.599 [19.5/19.5 less
30 2.8t | pTt (1.5 | 19 |312.3905 |312.39%4 | " [ " than
31 110 0 5 10 | 325.3315% }325.332 .1 " | * | Q20005
32 —10 15 |5.5 |11.5(338.420 |338.421 [17.0/17.0| %003
33 —g a2 9.5 9 | 351.651 |351.652 | “}| * .
34 —15 S R 2 1365.032  j¥%s5.036 | " " 5
35 S e 17 3.5 | 7.5] 378.5595 |378.560 L B Y0035
36 lﬁ'z p 4112 11 ] 398.2295 '§392.289. ¢ " | ':003§
37 {8 5 445 | 3 | 14 |406.048 [406.047 [18.0{18.0f ¥0025
‘38 1‘2"6 13 3.5 6 | 420,0085 |420.007 | "| " "
39 10e— }3 |5 [O.5]434.114 |434.114 o g
40 Gave 4‘_41 5.5 | 4.5 | 448.364 |448.368 i Rk "
41 = Lok T
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rift Tube positions after alignment

Tank 2. results etc.

R.M.S. errors

Disp. from zere field axis

e 2%
2 ((S*"E) \ 6.8 mil.
h '

il

Tip
( g), A = 907 mil.
N
Drift Tube positions calculated thus:-
(refer to Dwg. A.2215816)
using DT. Neo. O face as reference:-
measure zero on scale 0.215
add tank distortion 0.035
add gap No.l (actual) 2.174
2.424
subtract knife edge thickness 0902
No. 1 DT position 1,922

then add actual gap and
actual DT dimensions

G B
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Drift Tube positions after alignment

=
~/

Tank 3. Sheet 1 (Nos., 0-16 inc)
De . No. Lateral position Length
Corrections reqd] .Errors | predicted .measuredr m Temp,
Fﬁfft reay %%ﬁ? \E%f in in ogu oge Correction
0 / Vd / / <0 0004
: % — 1*51 45 3 5,093 5.093 |23.0}24.0 | subtract
2 £ b 1% 1 5 | 19766 ;| 19.763 | * I % {from
3 e T 2 1 | 1% | 13| 34.583 | 34.585 | " | " |measured
4 2.1 E’? 4 i 49.541 49.545 i length
5 " 271 2% | 13| 64.642 64.647 |24.0]25.0 "
6 - o1 | 3% | 3 | 79.884 | 79.883 P3.024.( g
7 = 23] 4% 5% | 95.265 95.261 L AL "
8 | Ry 3 5 | 120.793 |110.795 | " | * v
9 ‘R' 10.2] |14 8 |126.459 |[126.454 L el "
10 {2 |1 | 3 1142,265 [142.269 | » | * "
11 3*51 181 4% | 10 | 158.212 |158.212 i "
12 0 w3 o r sl adbin.a0 tizg.sep YL # ;
13 Ba il Ba 4% | 1 [190.529 |190.529 | w | » "
14 | e 6% | 5% |206.898 |206.893 [ n [ w "
15 0 ks 1 2 |223.406 [223.407 L "
16 = 6., 4 63 |240.053 [240.054 wl w "




Electronics Engg. Dept.
Report No. 3005

Drift Tube positions after alignment

Tank 3. Sheet 2, (Nos. 16-27 inec)

DP.No, Lateral position Length
Corrections reqd Errors .predicted |measured T T Temp.
Fgg?t e E%qp g;? in in %Fu Oge Correction
17 Ii.s 4,4 7 1% | 256.838 |256.841 [240|25.,0] 0¥0005
18 - - 45| 5 ST3.764 ~ 273,766 | %L adad
19 1 10 13 31 7 290,828 [290.833 N " error
20 R 0 14| 3 308.030 308,035 " " "
21 0 e 0 Ak 2 3250369 325' 366 " o between
22 1 0 1 342,845 342.841 " " C% 0005
and
23 0 t2*3 3 6 360,456 360.461 " " 010008
24 T_}:.lo t_s_’4 T | 7% | 378.204 |378.208 " | # | add to
25 i t£_4 4 1 396.090 396.094 i W measured
26 Sen 0 2% | 5 414.114 [414.213 | * | " | lengkh
a1 e /

Results etc.

1. Disp, from zero field axis
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Drift Tube positions calculated as for tank 2

ref. A.2215816

zero on scale 1.846
tank distortion zZero
add gap No.l 3.749
subtract knife edge 502
No.l DT position 5.093

HMD/MPR
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