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1 Introduction 

The ionizer for the Test Mass Discharging System (TMDS, see T1400713) is housed in a vacuum 

shell, or “tree”, which is cantilevered off of a 10” conflat port on the BSC door (Figure 1). The 

adjacent BSC door ports may be used for other purposes such as for optical viewports or mounting 

a Non-Evaporable Getter (NEG) pump. The length of the cantilevered vacuum tree and its 

relatively small diameter tube (1.5” outer diameter) makes it vulnerable to damage in the event that 

a load is imposed on the end of the vacuum tree (as was pointed out in the TMDS design review 

report; L1400202). 

 

Figure 1: A BSC Chamber Door (Type I, PSI dwg V049-4-014) with a conceptual support 

structure and an adjacent NEG Pump (SAES model D3500) and gate valve 

https://dcc.ligo.org/LIGO-T1400713
https://dcc.ligo.org/LIGO-L1400202
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The prototype was supported off of the floor (Figure 2). However (as noted in the TMDS design 

review; L1400202), mechanical support from the floor or other independent structure may subject 

the assembly to moments/loads due to thermal and barometric flexing of the vacuum system. 

Consequently the structural support for the TMDS ionizer should transmit moments to the 10” 

conflat port (8” diameter tube nozzle), or to the main 60.5” diameter door flange. Transferring 

loads to the main door flange is less desirable (than using the 10” conflat port) since it impedes 

access and complicates the door removal.  

 

Figure 2: Support Structure for Prototype TMDS 

2 Structural Support Design Concept 

The structural support concept is to use struts to transfer end loads and moments to the 8” diameter 

nozzle to which the TMDS is attached, as depicted in Figure 3. The struts could either be guy 

https://dcc.ligo.org/LIGO-L1400202
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wires, capable of only transferring tension, or rods capable of transferring tension or compression. 

In either case the struts need to be length adjusted so that the two semi-annular clamp plates at each 

end, are tight against the vacuum flanges. In the case of guy wires this is most easily accomplished 

with turnbuckles. For rods, this may best be accomplished with threaded rods and bolts pinching 

the clamp plates from both sides. 

3 Loads 

Intentional, operational loads on the TMDS ionizer subassembly should be very small. While it is 

impractical to protect the TMDS ionizer subassembly from extremely large and unlikely loads (e.g. 

such as resulting from driving a forklift into the subassembly), the system should be capable of 

sustaining, plausible, accidental loads such as resulting from a person grabbing the vacuum tree as 

they lose their footing or trip. This type of load would be on the order of 1000 N (225 lbf). 

4 Structural sizing/analysis 

With no structural support a vertical end load of 1000 N (225 lbf) would result in excessive 

bending stress at the root of the 1.5” diameter tube (about twice the yield stress). An approximate 

finite element analysis of the unsupported vacuum tree results in a 17 mm tip deflection and 440 

MPa equivalent (von Misses) stress compared to a (conservative yield stress of 215 MPa (MatWeb 

for 304 stainless steel, annealed). For comparison, a simple cantilevered beam with the TMDS 

ionizer length (29”) with a constant 1.5” outer diameter and 0.0625” thick wall tube would result in 

a 20 mm tip deflection and a peak stress of 406 MPa. 

The several different structural support configurations and sizings considered, with an approximate 

finite element analysis, are summarized in Table. With only guy wires, the clamp plate deflects 

significantly. Since the struts are not so very long, it is practical for them to transfer compressive 

load (without buckling) to the BSC door via the bolts which are adjusted to snug up to the plate. 

(Note that the bolts on the tension side pull away from the BSC door). 

With ½” diameter threaded 316 SS rod, ½” thick large 6061-T6 aluminum clamp plates (around the 

8” nozzle) and ¼” thick small 6061-T6 aluminum clamp plates (around the outer 4-way cross), the 

resulting factors of safety on yield stress are all greater than 2.5. The support structure weight is 

about 17 lbs (7.7 kg). 
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Figure 3: Structural Support Concept 

Two Semi-Annulus Plates Clamp 
around the tubes – one on the 8" dia. 
nozzle for the center port of the door, 

another on the 2.5" dia. tube of the 
outermost 4-way cross

Fits against the backside of 
the welded flange with 

clearance to the bolts & nut 
plates (or nuts) and bevel to 

clear any weld bead

Bolts are adjusted to 
contact door and force 

the plate clamp 
assembly against back 

side of flange

Four “struts” transfer any end loads and 
moments on the vacuum ‘tree’ to the large 8" 
dia. nozzle shell via tension or compression in the 
struts. The struts (likely simply threaded rods) 
need a means to adjust their length. 

Fits against the frontside of 
the welded flange with 

clearance to the bolts and 
bevel to clear any weld bead 
in order to support tension in 

the struts without reliance 
on friction fit to the 4-way 

cross tube.
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Table 1: Finite Element Static Stress Analysis Results for Support Structure Sizing 

 

 

*Configuration

no structural support coarse  --  --  --  --  -- 17.0  --  --  --  -- 440.0  --  --  --  -- 0.5

struts coarse 0.5 0.25 / 0.25 11 6061-T6 6061-T6 2.87 45.6 57.4 91.6 13.3 108.8 5.6 4.4 2.8 19.2 2.0

struts coarse 0.5 0.25 / 0.50 17 6061-T6 6061-T6 2.11 41.3 43.2 52.7 14.2 85.2 6.2 5.9 4.8 18.0 2.5

***threaded rod coarse 0.5-13 0.25 / 0.50 17 316 SS 6061-T6 1.73 38.8 37.8 93.8 21.2 74.9 6.6 6.7 5.1 22.8 2.9

***threaded rod fine 0.5-13 0.25 / 0.50 17 316 SS 6061-T6 2.31 81.5 64.1 115.4 26.7 82.1 3.1 4.0 4.2 18.1 2.6

**guy wires coarse 0.5 0.25 / 0.25 11 304 SS 6061-T6 12.0 23.4 164.2  -- 61.6 310.2 10.9 1.6  -- 3.5 0.7

**guy wires coarse 0.5 0.25 / 0.50 17 304 SS 6061-T6 6.4 38.9 144.1  -- 77.0 186.3 6.6 1.8  -- 3.3 1.2

struts coarse 0.5 0.25 / 0.25 31 304 SS 304 SS 1.42 48.7 62.2 105.2 16.9 73.5 4.4 3.5 2.0 12.7 2.9

struts coarse 0.5 0.25 / 0.50 50 304 SS 304 SS 1.05 42.7 57.4 58.8 20.2 57.7 5.0 3.7 3.7 10.6 3.7

**guy wires coarse 0.5 0.25 / 0.25 31 304 SS 304 SS 6.84 42.3 286.8  -- 106.2 219.1 5.1 0.7  -- 2.0 1.0

* upper, large clamp plate, bolts pull off door and lower, large clamp plate, bolts are under compression

** approximation: lower 'struts' are not load carrying (absent); upper struts are still clamped at ends

*** approximation: 0.5" dia instead of thread root or minor diameter of 0.4405"

Fi
ni

te
 E

le
m

en
t

M
es

h

peak stress (MPa)

(for 1kN vertical load)

st
ru

t 
di

a 
(in

)

cl
am

p 
pl

at
e 

th
ic

k.
 (i

n)

sm
al

l /
 la

rg
e

st
ru

t

m
at

er
ia

l

cl
am

p 
 p

la
te

m
at

er
ia

l

en
d 

de
fl

ec
ti

o
n

(m
m

)

sm
al

l c
la

m
p 

pl
at

e

la
rg

e 
cl

am
p 

pl
at

e

lo
w

er
 (c

o
m

p)

st
ru

ts

up
pe

r 
(t

en
s)

st
ru

ts

va
cu

um
 t

ub
e

ap
pr

o
x.

 s
tr

uc
tu

re

w
ei

gh
t 

(lb
s)

Safety Factor

(for 1kN vertical load)

sm
al

l c
la

m
p 

pl
at

e

la
rg

e 
cl

am
p 

pl
at

e

lo
w

er
 (c

o
m

p)

st
ru

ts

up
pe

r 
(t

en
s)

st
ru

ts

va
cu

um
 t

ub
e



LIGO LIGO-T1500009-v1 

 8 

 

Figure 4: Finite Element Model Geometry 
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Figure 5: Deformed under 1 kN vertical tip load – oblique view 
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Figure 6: Deformed under 1 kN vertical tip load – side view 
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Figure 7: Equivalent stress under 1 kN vertical tip load 
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Figure 8: Equivalent stress under 1 kN vertical tip load – vacuum envelope only 


