


INTRODUCTION

The DES corrector barrel assembly is being sent in pieces to University College London (UCL) for 
final assembly and alignment of the lenses.  UCL will then contract with a vendor to design & 
build a vibration-isolated shipping container but has asked FNAL to provide a support frame to 
hold the barrel within this crate.  The support frame shall have the following features:

    * Barrel to be shipped C1-side down

    * Barrel held at the hexapod mounting flange

    * Maximum dynamic load  = 3 G's  [This number has not yet been defined, but
DES Docdb 763 p16 indicates applied transport 
shock loads of 6 G vertical and 3.5 G horizontal.
With vibration isolation features designed into the
shipping crate, the shocks reaching the payload will
be less than this.  3 G's is assumed here for all
orientations and the factors of safety found below
for this frame are large enough that modest changes in
this specification will not invalidate the conclusions
on this analysis.]

The support frame being developed (FNAL drawing 4900.123-ME-480500 & MD-480494) is to be 
contructed from Maytec extruded aluminum framing with steel plates for fastening the frame to 
the barrel hexapod flange and attachment to the floor of the shipping crate.  The vertical support 
members run from the top to the bottom of the frame, so horizontal members are not 
compressivey side-loaded but only act to constrain the ends of the verticals.  Cross-bracing is 
added to further provide robustness to the design.  The calculations documented below verify the 
frame's ability to support the load.

BARREL WEIGHT

Lens barrel per Andy S. spreadsheet on 01Oct10 (lb): Wb_b 5150:=

C5 flange (lb, from docdb 3204): Wb_c5 305:=

C5 lens cover (lb, measured): Wb_cv1 13.1 2.205⋅:=

Shutter & C1 covers estimate per Andy S. (lb): Wb_cv2 250:=

Total static weight: Wb_static Wb_b Wb_c5+ Wb_cv1+ Wb_cv2+:=

Wb_static 5.734 10
3×= pounds

Total dynamic weight: G_dyn 3:= (g-load discussd above)

Wb_dyn G_dyn Wb_static⋅:=

Wb_dyn 1.72 10
4×= pounds



poundsP_buckle .2248⋅ N_posts⋅ 2.172 10
6×=

Note: assuming K=1 (pinned ends) is very conservative

Euler's buckling limit: P_buckle
π

2
E⋅ I_90⋅

1
2

L
2⋅

:=

The limit is several orders of magnitude larger than the 
dynamic weight of the barrel and therefore acceptable.

FOS = 
P_max .2248⋅

Wb_dyn
73.571=

pounds totalP_max .2248⋅ 1.266 10
6×=

Load limit for N posts: P_max N_posts Yield XS_area⋅( )⋅:=  

Frame x-section area (m^2): XS_area
G_90

rho_Al 1⋅
:=

FRAME CALCULATIONS

Aluminum Density (kg/m^3): rho_Al 2700:=

Other Input Data

90x90 Frame weight (kg/m, catalog p30): G_90 9.5:=

Maytec 90x90 Frame Moment (m^4, catalog p30): I_90
282

100
4

:=

Frame Yield Stength (Pa, catalog p65): Yield 0.2 10
9⋅:=

Frame Modulus (Pa, catalog p65): E 70 10
9⋅:=  

Data From Maytec Catalog:

Number of posts: N_posts 8:=

Frame vertical post length (m): L 1.270:=

Maytec 90x90 Frame width (m): width .090:=

Framing Post Data:

FRAMING INPUT DATA



pounds totalTensile Load 2: 32 0.2677⋅ 174000⋅ 0.2⋅ 2.981 10
5×=

Bolts holding end plates to vertical posts
* Number of M8 Grade 8.8 SHCS = 8 * 4 = 32
* Stress area of M8 screw = .2677 sqin
* Tensile stength of Grade 8.8 bolt (McMaster 95263A633) = 174ksi
* Assume preloaded to 80% of tensile strength
* Assume shear strength = 60% of tensile strength

pounds totalShear Limit 1: 8 0.4039⋅ 0.6⋅ 116000⋅ 2.249 10
5×=

pounds totalTensile Load 1: 8 0.4039⋅ 116000⋅ 0.2⋅ 7.496 10
4×=

Bolts holding support frame to hexapod flange
* Number of M12 Grade 8.8 HHCS = 11 (but assume users will install only one per plate = 8)
* Stress area of M12 screw = .4039 sqin
* Tensile strength of Grade 8.8 bolt (McMaster 91280A722) = 116 ksi
* Assume preloaded to 80% of tensile strength
* Assume shear stength = 60% of tensile strength

BOLT CONSIDERATIONS

This is marginally greater than the dynamic weight of 
the barrel but totally ignores the very large structural 
benefit of the diagonal crossbracing.  Due to the 
overconservatisms assumed the performance is 
acceptable.

FOS = 
Pb_max .2248⋅ N_posts⋅

Wb_dyn
2.064=

pounds / postPb_max .2248⋅ 4.437 10
3×=

(1 end fixed / 1 guided)

R&Y case 1b max moment: Pb_max 2
Mb_max

L
⋅:=

Max bending moment: Mb_max Yield
I_90

0.5 width⋅
⋅:=

Max bending force (totally ignoring horizontal and diagonal braces -- overly conservative 
assumption):

The limit is several orders of magnitude larger than the 
dynamic weight of the barrel and is therefore acceptable

FOS = 
P_buckle .2248⋅ N_posts⋅

Wb_dyn
126.286=

P_buckle .2248 N_posts 2.172 10



poundsTotal weight of barrel plus frame = Wb_static Wf_tot 2.205⋅( )+ 6.552 10
3×=

poundsWf_tot 2.205⋅ 818.606=

Wf_tot 371.25=Total Weight (kg): Wf_tot Wf_a Wf_b+ Wf_c+ Wf_d+:=

Wf_d 91.962=Plates (kg): Wf_d
0.284 8 25.6⋅ 4 24.8⋅+ 4 102.5⋅+( )⋅

2.205
:=

Wf_c 17.224=Connectors & Screws (kg): Wf_c 64 .018⋅ 48 .014⋅+ 128 .05⋅+ 80 .05⋅+ 5+:=

Wf_b 6.248=45x90 Weight (kg): Wf_b 4.4 4 0.355⋅( )⋅:=

Wf_a 255.816=90x90 Weight (kg): Wf_a G_90 8 1.27⋅ 16 0.56⋅+ 8 0.976⋅+( )⋅:=

FRAME WEIGHT ESTIMATE

These results are much larger than the dynamic weight of the barrel.  The fastener 
performance is therefore acceptable. 

pounds / vertical postPullout limit: 4 π 0.551⋅ 1.18⋅( )⋅ 21700⋅ 1.773 10
5×=

Pull-out force of the M14 threaded insert in the ends of the aluminum posts
* OD of M14 screw = 0.551 inches
* Length of threaded insert = 30mm = 1.18 inches
* Shear strength of aluminum = 0.25 GPa (Maytec catalog p 65) * 60% = 21.7 ksi
* Number of inserts at each end of a vertical post = 4

pounds totalShear Limit 3: 16 .4039⋅ 0.6⋅ 116000⋅ 4.498 10
5×=

pounds totalTensile Load 3: 16 .4039⋅ 116000⋅ 0.2⋅ 1.499 10
5×=

Screws holding bottom plates to shipping crate base (not part of this assembly, but 
documented here for reference)
* Number of M12 Grade 8.8 HHCS = 8 * 4 = 32 

(but assume the users will install only half of them, so use 16)
* Stress area of M12 screw = .4039 sqin
* Tensile stength of Grade 8.8 bolt (McMaster 91280A728 assumed) = 116ksi
* Assume preloded to 80% of tensile strength
* Assume shear strength = 60% of tensile strength

pounds totalShear Limit 2: 32 0.2677⋅ 0.6⋅ 174000⋅ 8.943 10
5×=
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