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In a recent note1 I described the design of the yoke and collar for a 
vertically split yoke configuration for the 40 mm SSD dipole. I describe here 
the configuration of the outer surface of the collar for the 50 mm dipole and the 
interaction among the collar, yoke and skin. In a companion note11 I describe 
the specification of the inner surface of the collar and in a future note will 
give more details of the yoke-skin interaction. 

The design criteria and calculation methods are the same as used for the 
design of the 40 mm dipole1• A simple spring model was used to model the 
interaction among the collar, yoke, a.nd skin a.nd to check the sensitivity of the 
system to uncertainties in the parameters of the calculation and part tolerances. 
Most of the parameters were derived from finite element calculations.2 The 
precise collar dimensions used in the finite element analysis differed by a small 
amount from the final dimension chosen here. 

The calculation models the collars as coupled vertical and horizontal springs 
with effective spring constants and vertical-horizontal couplings for forces applied 
by coil prestress and skin tension. Because the collars are designed so that they 
always clear the yoke in the vertical direction, the model is insensitive to 
parameters relevant to the vertical radius. The finite stiffness of the yoke is not 
explicitly included, but since the effective spring constants come from finite 
element calculations that include yoke elastic properties, these effects are 
implicitly included. The parameters of the calculation are shown in Table Ia 
and the source of their values are given below. 

rv and rh The vertical and horizontal collar radii relative to the yoke at 
room temperature are chosen to give the desired yoke collar interaction and 
varied to check the effect of parts tolerances. 

§kin Stress The azimuthal skin stress at 300 K and 4 K is based on 
measurements made at Fermilab on model magnets F33 and DSS0124 and at 
LBL on the first QC cross section 40 mm quadrupole5• The skin ~tress near 
the yoke parting plane determines the clamping force and this was measured to 
be 25-30 kpsi at room temperature and 45-50 kpsi at 4 K. The low end of the 
range was used in both cases. In fact, the model calculates the skin tension 
required to close the mid-plane gap at both temperatures, so the effect of 
varying the skin tension can be easily seen. 
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Thermal Contraction The integrated thermal contraction of the collar and 
the yoke material are taken from measurements done at BNL6 • 

Nominal Radius This is the yoke inner radius for the magnetic design of 
the W6733 cross section. 

drv/drh The ratio of vertical to horizontal radius change for a horizontal 
force applied by the yoke was copied from the 40 mm model. Because of the 
similarity of the 40 mm and 50 mm designs, the value of drv / drh should be 
similar. Variations of ±10% about the central value were tried. 

drv I dpr and drh I dpr The . rate of change of collar vertical and horizontal 
radius with prestress (average of inner and outer coils) was taken from finite 
element calculations2•7 and measurements of 40 mm magnets.8 The finite 
element results depend on whether or not the wedges are allowed to slide 
relative to the adjacent conductors: 

slip2 

no slip7 

drv/dpr 

0.38 

0.45 

drh/dpr 

-0.05 mils /kpsi 

-0.02 mils /kpsi 

Measured8 vertical deflections of 40 mm collars, 0.54 mils/kpsi, are somewhat 
larger than predicted by finite element calculations,9 0.44 mils/kpsi. Values of 
drv/dpr from 0.35 to 0.50 mils/kpsi and of drh/dpr from 0 to -0-.10 mils/kpsi 
were tried. Because there is no vertical yoke-collar interaction and the values of 
drh/dpr are small, the results are not very sensitive to these variations. 

Prestress The target collared coil room temperature prestress is 
approximately 10 kpsi. A range of ±3 kpsi, somewhat larger than is expected, 
was tried. 

Cooldown Prestress Loss To simplify the calculation of the effects of 
cooldown, the model separately cools the collared coil and the yoke, and then 
assembles them cold. The prestress loss with cooldown used in the model is 
that for a free collared coil. This has been measured in 40 mm magnets10 to 
be approximately 2.5 and 2.0 kpsi for the inner and outer coils respectively. 
Values of 2.25 and 3.25 kpsi (average of inner and outer coils) were tried. 
Since this affects mainly the collared coil vertical radius it is not a very 
important parameter. 

drh/d(skin stress) The rate of change of collared coil vertical radius with 
skin tension has two values depending on whether the collars are free to expand 
vertically or not. Because the collars always clear the yoke, only the first 
(larger) value is imfortant. Its value, -0.28 mils/kpsi, is taken from finite 
element calculations and is varied between -0.25 and -0.32 mils/kpsi. 

The results of the calculations are shown in Tables lb-c. The three tables 
correspond to three values of collar horizontal radius representing the estimated 
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range of 5.5 ± 1.1 mils of horizontal yoke collar interference (see below). In 
each table the first line represents the "central values" of the parameters, which 
are then varied, as indicated by comments in the tables, in subsequent lines. 
For each set of parameters the vertical and horizontal radii of the free collared 
coil relative to the yoke are computed at both room temperature . and 4 K. The 
helium temperature yoke-collar interference in the horizontal direction is 
2.4 ± 1.1 ± 0.5 mils, where the first error bar is from parts tolerances and the 
second is from uncertainties in the calculation parameters. The room 
temperature vertical clearances before and after assembly. are 13.5 and 
10.8 ± 2.0 ± 1.3 ± 0.6 mils, where the error bars are parts tolerances, prestress 
variation, and parameter uncertainties respectively. The vertical clearance at 
4 K is 4-5 mils larger than at 300 K. 

The skin tension required to make the collar horizontal radius equal the 
yoke radius, that is too close the yoke mid-plane gap, is 18 ± 4 ± 2 kpsi at 
room temperature and 9 ± 4 ± 2 kpsi at 4 K. With the assumed skin stress of 
25 kpsi at room temperature the yoke gap is just closed under the lea.st 
favorable conditions but closed with a 30% margin for the central values of the 
parameters. At 4 K the skin stress is assumed to be 45 kpsi; of this 
36 ± 4 ± 2 kpsi is balanced by the pressure at the yoke mating surface and is 
therefore available to balance the Lorentz force. Assuming a 3/16" thick skin, 
this is a force of 6800 ± 800 ± 400 lb /in. This is larger than the Lorentz force 
of 5000 lbs/in at full field, so the yoke gap should stay closed even if the entire 
Lorentz force is transferred to the yoke and skin. Finite element calculations2 

indicate that the collars are sufficiently stiff that only about 45% of the force is 
transferred to the yoke, so this design has more than a , 100% margin against 
yoke gap opening. 

The collar is given different horizontal and vertical radii by offsetting the 
center of curvature away from the center line of the assembled collar pair. In 
the neighborhood of the horizontal mid-plane the collar is flattened for the 
benefit of the keys. (See Figure 1, from a preliminary version of drawing 
102-ME-292059.) The yoke (see Figure 2, from a preliminary version of drawing 
102-ME-292123) is also flattened in this region but the collar and yoke are 
designed so that they contact first just above the keys. After assembly there is 
5 ± 3 mils of clearance in the key region. The first point on the circular cross 
section of the collars is just above the keys at an distance of 0.401-0.421 inches 
from the mid-plane, the range of values depending on the radius on the upper 
corner of the key slot. The values of collar radius and offset are chosen to give 
the desired 5.5 mils of collar-yoke interference just above the keys and 
approximately 18 mils of clearance a.t the pole. The radial collar-yoke clearance 
and interference as a. function of azimuth a.re plotted in Figure 3. (For theta 
< 20 degrees the radial and horizontal interferences are equal within 0.1 mils 
and for theta > 80 degrees the radial and vertical clearances are equal within 
0.2 mils.) The tolerance on the collar outer radius is '.:t0.5 mil, the tolerance 
on the displacement of the center of curvature from the center line is ±1 mil 
(Fig. 1) and the tolerance on the yoke inner diameter is ±1 mil (Fig. 2). The 
resultant tolerance band of ±1.l mils on the collar-yoke interference is shown by 
the cross-hatched region in Fig. 3. 

-----------------~-- ·--- ·- -- --- - - - - --- -------- ----



.··, 

The flats on the side of the collar and the yoke at the base of the collar­
yoke alignment tab are, in the undeflected parts, at the identical distance from 
the vertical center-line. However, because of the 5.5 mils of interference just 
above the flats, after assembly the collars are deflected so that there is 5 ± 3 
mils of clearance between the yoke and collars at the base of the alignment tab. 
The lower bound of the tolerance band on the tab width of the yoke is equal to 
the upper bound of the collar. However, because the collar is displaced 5.5 mils 
radially inwards in the assembly, there is a minimum of 0.8 mils of clearance on 
either side of the alignment tab. 
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Table Ia 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••Collared Coil In Vertically Split Yoke•••••••••• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

------------------ Input Parameters -----------------------
rv (Rv) = collar(yoke) vertical radius - nominal radius (mils) 
rh(Rh) = collar(yoke) horizontal radius - nominal radius (mils) 
skin_stress = azimuthal skin stress at 4 K (kpsi) 
skin_stress_300K= azimuthal skin stress at 300 K (kpsi) 
contract_col lar = integrated thermal contraction to 4 K of collar material (mils/inch) 
contract_yoke = integrated thermal contraction to 4 K of yoke material (mi ls/inch) 
r_nominal =nominal 300 K unstressed collar radius (inches) 
drv/drh = drv/drh for horizontal force 
drv/dpr = drv/d(prestress) (average of inner and outer) (mils/kpsi) 
drh/dpr = drh/d(prestress) (average of inner and outer) (mils/kpsi) 
prestr =free collared coi I prestress at 300 K (average of inner and outer) (kpsi) 
dcool = free collared coi I cooldown prestress change (average of inner and outer) (kpsi) 
dh/dsl = drh/d(skin stress) rv < Rv (mils/kpsi) 
dh/ds2 = drh/d(skin stress) rv > Rv (mils/kpsi) 

------------------ Output Parameters ----------------------
rv = rv-Rv of free collared coi I (mils) 
rh = rh-Rh of free collared coi I (mils) 
rh_rv0 = rh-Rh for rv = Rv (mi Is) 
rv_rh0 = rv-Rv for rh = Rh (mi Is) 
rh_sk = rh-Rh for assumed skin stress (mils) 
rv_sk = rv-Rv for assumed skin stress (mils) 
sk_rv0 = skin stress to make rv = Rv (kpsi) 
sk_rh0 = skin stress to make rh = Rh (kpsi) 
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r_nomin•I = 2 . 670 inches 
rv = -18.000 mi Is 
rh = "4. "400 mi I s 
skin_stress_300K = 26 . e00 kpsi 
skin_stress = "45.e00 kpsi 
contract_col lar = -2.900 mi ls/inch 
contract_yoke = -2.100 mi ls/inch 

drv/drh drv/dpr drh/dpr prestr dcool dh/dsl dh/ds2 ------- ------- ------- ------ ----- ------ ------
-0.66 e. '46 -0 . 06 10.00 -2.26 -0.28 -e . e3 
-0.66 0.36 -0.06 13 . e0 -2.26 -0.28 -0.03 

----- V•ry Coi I Prestress •nd Cool down Loss 

-e.66 e . -46 -0.06 13.ee -2.25 -e. 28 -e . 03 
-e.66 0. '46 -£1.06 7 . 00 -2.26 -e.28 -0 . 03 
-0 . 65 ". '46 -0 ;06 10.e0 -3.26 -0.28 -e . e3 

----- V•ry dr/d(prestres s) 

-e.55 0.36 -0 . es 10.00 -2.26 -0.28 -0.03 
-0.66 e . '4e -0.06 10.0e -2.26 -£1 . 28 -0. e3 
-e.ss 0.60 -e. 05 10.00 -2.26 -£1.28 -0.03 

T•ble Ib 

------- T = 300 K ------- --------------------- T = '4 K ---------------------rh rv rv_rh0 sk_rh0 rh rv rh_rv0 rv_ rh0 rh_sk rv_sk sk_rv0 sk_rhe 

3.9 -13.6 -11.'4 1'4.1 1.9 -16.6 -28 . "4 -16.6 0.0 -16.6 
3.8 -13 . 6 -11.'4 13.6 1 . 7 -16 . '4 -28.0 -16."4 0.0 -16.'4 

3 . 8 -12 . 2 -1e.1 13.6 1.7 -16.3 -26.1 -1'4.3 e.0 -1'4.3 
" • 1 -·u . 9 -12.6 1'4. 7 2.£1 -18.0 -30.7 -16.9 0.0 -16 . 9 
3 . 9 -13.6 -11."4 1"4.1 1.9 -17 .1 -29 . 2 -16.0 e . e -16 . e 

3 . 9 -1" . 6 -12 ... 1'4 .1 1.9 -17 ... -29.8 -16."4 0.0 -16."4 
3.9 -1"4.e -11.9 1-4 .1 1.9 -17.e -29.1 - 16.0 0.0 -16.0 
3.9 -13.0 -le.9 1"4.1 1.9 -16 . 3 -27 . 7 -16.2 e.0 -16.2 

---

---

6.8 
6 . 3 

6.3 
7 . 3 
7 . e 

6.8 
6 . 8 
6.8 

----- Choose v•lues that give• sm•l I and• big collared coil (vertically) -----

-0.66 0.36 -0 .06 7.00 -3.25 -0.28 -0. 03 '4.1 -16 . 6 -13.3 1".7 2.1 -18.8 -32.l -17.7 0.0 -17.7 - 7.5 
-0.66 0 . 60 -0.06 13.00 -2.26 -0.28 -0. 03 3.8 -11.6 -9.-4 13.6 1.7 -1"4.8 -26.1 -13.8 0.0 -13.8 - 6.3 

----- Choose values that give a small •nd a big collared coi I (horizontally) 

-0.66 0. -46 -0 .10 13.00 -2.26 -e.28 -0. 03 3.1 -12 . 2 -10."4 11.2 1.2 -16 .3 -26.6 -1'4.6 0.0 -1-4.6 - ". 3 
-0.65 0. '46 ". 00 10. 00 -2. 26 -0.28 -0.03 "'·" -13.6 -11.1 16.9 2 . 3 -16.6 -28.0 -16.'4 £1.0 - 16.'4 - 8.2 

----- Vary dr/d(sk i n stress) 

-0.66 0. '46 -0 . 06 10. £10 - 2 . 26 -£1 . 25 -0 .03 3 . 9 -13 . S -11.-4 16.8 1.9 -16.6 -28. '4 -16.6 0.e -16.8 - 7.6 
-0.66 e . '46 -0 . 06 10.e0 -2 . 25 -e.28 -0 .03 3 . 9 -13 . 6 -11." 1'4.1 1.9 -16 .6 -28.'4 -16.6 e . 0 -16.6 - 6.8 
-0 . 66 0 . -46 -e . es 10 . 0e -2.26 -0 . 32 -0. 0'4 3 . 9 -13 . 6 -11."4 12.2 1.9 -16.6 -28 . -4 -16 . 6 0 . 0 -16.6 - 6.9 

----- V•ry d r v/drh -----

-0. 60 0. -46 -0 . 05 10. ee -2. 26 -e.28 -0. 03 3 . 9 -13 . 5 -11.6 1" . 1 1.9 -16.6 - 31.-4 -16.7 0.0 -15 . 7 - 6 . 8 
-e. e0 0.'46 -0 . 06 10. 00 -2. 26 -0.28 -0 .03 3.9 -13 . 6 -11.2 1" .1 1.9 -16 . 6 -26.9 -16.S e . e -16.5 - 6.8 



r_nominal = 
rv = 
rh = 
skin_stress_300K = 
skin_stress = 
contract collar = 
contract:yoke = 

2.670 inches 
-18.000 mi Is 

5.600 mi Is 
26.000 kpsi 
45.000 kpsi 
-2.900 mi ls/inch 
-2.100 mi ls/inch 

drv/drh drv/dpr drh/dpr prestr dcool dh/dsl dh/ds2 
------- ------- ------- ------ ----- ------ ------

-0.55 0.46 -"· "6 10.00 -2.25 -0.28 -0 . 03 
-0.66 0.36 -"· 06 13."0 -2.26 -0.28 -" · "3 

----- Vary Coil Prestress and Cooldown Loss 

-0 . 65 "·45 -0.06 13 ."0 -2 . 25 -0.28 -0 . 03 
-0.65 0.46 -". 06 7 . 00 -2.25 -e.28 -" . 03 
-0.66 0.46 -0 . 05 10 . 0" -3.25 -".28 -" . 03 

----- Vary dr/d(prestress) 

-lll.65 0.36 -0.05 UJ ·"0 -2. 26 -0.28 -0.03 
-0.65 0. 40 -Ill. 06 10.00 -2.26 -0.28 -0 .03 
-0.65 0 . 50 -".06 10.00 -2.25 -0.28 -0 . 03 

Table le 

------- T = 300 K ------- --------------------- T = 4 K ------- --------------rh rv rv_rhe sk_rh0 rh rv rh_ rv0 rv_rh" rh_sk rv_sk sk_rv0 ak_rh" ------ ------ ----- ----- ------ ------
6.0 -13.6 -1".8 18.l 3 . 0 -16 . 6 -27.3 -16." 0;0 -15.0 
4 . 8 -13 . 6 -10.8 17.6 2 . 8 -16.4 -26 . 9 - 14 . 8 0.0 -14 . 8 

4 . 8 -12.2 -9.5 17.6 2.8 -15.3 -25.0 -13 . 7 0.0 -13.7 
6.2 -14 . 9 -12.e 18 . 7 3 . 1 -18 . 0 - 29.6 -16.3 "·" -16.3 5 . 0 -13 . 5 -1e.s 18.l 3.0 -17.l - 28.1 -15 . 4 " · " -16.4 

6." -14.6 -11.8 18.1 3.0 -17.4 -28.7 -16.8 0.0 -15.8 
5.0 -14.0 -11.3 18.1 3 . 0 -17.0 -28.0 -16.4 0.0 -16.4 
5.0 -13.0 -10.3 18.1 3.0 -16.3 -26.6 -14 . 6 0.0 -14.6 

--
-

---

10 .8 
10.2 

10. 2 
11.3 
11.lll 

10.8 
10 . 8 
10.8 

Choose values that give a smal I and a big collared coil (vertically) -----

-0.56 0.36 -0.06 7.00 -3.25 -0.28 -0. 03 6.2 -15.6 -12.7 18.7 3.2 -18.8 -31 , 0 -17.1 0.0 -17.1 - 11.6 
-0 . 56 0.60 -0 . 05 13.00 -2.25 -0.28 -0 . 03 4.8 -11.6 -8.8 17 . 6 2.8 -14.8 -24.0 -13.2 0.0 -13.2 - 10.2 

----- Choose values that give a small and a big collared coi I (hor i zonta I I y) 

-0.66 0.45 - 0.10 13.El0 -2.25 -". 28 -".03 4.2 -12 . 2 -9.8 16.2 2.3 -15.3 -25.6 -14.0 0.0 -14.0 - 8.3 
-".66 0.46 ". "0 10.00 -2.26 -".28 -0."3 5.6 -13.6 -10.5 19.9 3.4 -16.6 -26.9 -14.8 0.0 -14.8 - 12.2 

----- Vary dr/d(skin stress) 

-".56 0 . 46 -0 · "5 10. 00 -2 • 26 -".25 -0.03 6.0 -13.5 -10.8 20.2 3.0 -16.6 -27.3 -16.0 0.0 -15.0 - 12.l 
-0.66 0 . 46 -0 . 06 10. lll0 -2. 25 -0.28 -0.03 5." -13.6 - 10.8 18.l 3 . 0 -16.6 -27 . 3 -16.lll lll.0 -15 . 0 - 1". 8 
-0.55 0.45 -0 .es 10.0" -2.25 -0.32 -0 .04 6 . " -13.6 -10.8 15.6 3.0 -16 . 6 -27 . 3 -16.0 0.0 -15.lll - 9 . 3 

----- Vary drv/drh -----

-0.Slll lll.45 -0. 06 rn.ee -2.26 -0.28 -0 . "3 5 . 0 -13.5 -11." 18.1 3.0 -16.6 -30.3 -16.2 0.0 -16.2 - 10. 8 
-0. 60 0.46 -Ill. 06 UJ. '1l0 -2. 26 -0 . 28 -0.03 6.0 -13.6 -10.6 18.1 3.0 -16.6 -24.8 -14.9 0.0 -14.9 - 10 . 8 

, . 



r_nominal = 
rY = 
rh = 
skin stress 31110K = 
skin-stress- = 
contract_col lar = 
contract_yoke = 

2.670 inches 
-18 .1211210 mi Is 

6.61210 mi Is 
25.121111111 kpsi 
45.111121121 kpsi 
-2.90121 mi ls/inch 
-2.11210 mi ls/inch 

Table Id 

------- T = 31210 K ------- --------------------- T = 4 K ---------------------
drv /drh drv/dpr drh/dpr prestr dcool dh/dsl dh/ds2 rh rv rv_rh0 sk_rh/11 rh rv rh_rvflJ rv_rh0 rh_sk rv_sk sk_rv0 sk_rh0 

-flJ.66 
-0.55 

111.45 -111.1215 1121.0111 -2.26 -121.28 -flJ.03 6.1 -13.5 -1111.l 22.l 4.1 -16.6 -26.2 -14.4 0.111 -14.4 
111.35 -121.1116 13.111111 -2.26 -111.28 -0.1113 6.9 -13.6 -1111.2 21.6 3.9 -16.4 -26.8 -14.2 0.111 -14.2 

----- Vary Coil Prestress and Cooldown Loss 

-111.66 0.46 -0.1116 13.1110 -2.25 -111.28 -111 .1113 6.9 -12.2 -8.9 21.6 3.9 -16.3 -23.9 -13.l 121.121 -13.l 
-121.66 0.46 -0.1116 7.00 -2.25 -111.28 -0.1113 6.3 -14.9 -11.4 22.6 4.2 -18.0 -28.5 -15.7 111.0 -16. 7 
-0.56 0.46 -0.05 1111.1110 -3.25 -flJ.28 -0.1113 6.1 -13.6 -10.l 22.l 4.1 -17.l -27.121 -14.8 "'·" -14.8 

----- Vary dr/d(prestress) 

-0.66 0.36 -0.1216 10.00 -2.25 -111.28 -0.1113 6.1 -14.6 -11.l 22.l 4.1 -17.4 -27.6 -16.2 0.0 -15.2 
-0.55 flJ .4111 -0.1215 1111.1110 -2.26 -0.28 -0.flJ3 6.1 -14.0 -10.6 22.l 4.1 -17.0 -26.9 -14.8 121.flJ -14.8 
-0.55 0.60 -0. 06 10.1210 -2.25 -111.28 -111.03 6.1 -13.111 -9.6 22.1 4.1 -16.3 -26.6 -14.0 0.0 -14 .0 

Choose values that give a smal I and a big collared coi I (vertically) -----

-flJ.66 0.35 -111.05 7.00 -3.25 -0.28 -0. 1113 6.3 -15.6 -12.l 22.6 4.3 -18.8 -29.9 -16.6 0.0 -16.6 
-0.56 0. 60 -0 .06 13.00 -2.26 -0.28 -0. 03 6.9 -11.6 -8.2 21.6 3.9 -14.8 -22.9 -12.6 0.0 -12.6 

----- Choose values that give a small and a big collared coi I (hori zonta I ly) 

-111.66 0 .46 -111 .10 13.00 -2.26 -111.28 -0.03 6.3 -12.2 -9.2 19.2 3.4 -16.3 -24.4 -13.4 0.0 -13.4 
-111.66 111.46 0 .1110 10.1110 -2.26 -0.28 -0.03 6.6 -13.6 -9.9 23.9 4.6 -16.6 -26.8 -14.2 0.0 -14.2 

----- Vary dr/d(skin stress) 

-0.66 0.45 -0.06 10.111121 -2.26 -0.26 -0. 03 6.1 -13.6 -1111.l 24.7 4.1 -16.6 -26.2 -14.4 111.111 -14.4 
-0.66 111.46 -111. 1116 10.1110 -2.26 -0.28 -0 .1113 6.1 -13.6 -1111.l 22.l 4.1 -16.6 -26.2 -14.4 111.111 -14.4 
-111.56 0.46 -0.flJ6 10.00 -2.26 -0.32 -0 .04 6.1 -13.6 -10. l 19.1 4.1 -16.6 -26.2 -14.4 0.111 -14.4 
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