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Broad Overview

The GEM Rotator has the 
following currently-identified 
ferrous elements.

Roller bearings (cyan)
● General doc found for 

SKF says material is 
100Cr6 [carbon steel]

Floor locks (green)
● Stainless & Carbon 

Steel, Connects are 
also carbon steel.

Motor (blue)
● Material specifics 

unknown, assume full 
magnetization 8% 

Chain (long thing)
● Is overmodeled, 

SS316

Fasteners (yellow)
● SS316 [wrongly listed 

as Grade 5 in previous 
PDF version]

x 7
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Broad Overview (Cont’d)

The GEM Rotator items 
added since previous slide 
now include:

Stepper Motor (cyan)
● 2 motors per septant so 

14 total; magnetic cores 
modeled (reasonably 
well for first pass, see if 
GEM team has any 
more details); fully 
magnetized material.

T-Nut Fasteners (Green Squares)
● Toy geometry; accurate 

mass spread over  
regions of fastener 
coverage; represents 
about 50% of fastener 
areas; SS-304
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Note: Materials Permeability and Susceptibility
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Note: Depolarization Considerations

I’ve highlighted the depolarization of longitudinally 
polarized electrons line in red.

Presuming bremsstrahlung losses a 100MeV electron from 
our primary ferrous simulations will have a depolarization 
of 66.6%

We use this 2/3 polarization loss figure when needing to 
account for polarization losses. 

66.6%
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9300 – GEM Rotator Roller Bearings

Carbon Steel roller bearings. 

1” ID
2.25” OD

Modeled as cylinder with spec’d 
ID and OD with a z-thickness 
enough to give the ring a mass of 
~0.22kg (0.48 lb in specs).

Used G4-STAINLESS_STEEL in 
remoll for simulation.

https://www.skf.com/au/products/rollin
g-bearings/roller-bearings/tapered-roll
er-bearings/single-row-tapered-roller-b
earings/productid-15578%2F15520
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9300 – GEM Rotator Roller Bearings (cont’d)

https://www.skf.com/au/products/rollin
g-bearings/roller-bearings/tapered-roll
er-bearings/single-row-tapered-roller-b
earings/productid-15578%2F15520

Material information sourced from 
SKF website. 

(1) Confirm with Chandika 
specifics about the material for 
this specific. It’s possible that I 
missed specific component 
materials in listing on the website. 
Other than that all I found was 
general information about 
SKF-made components.
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9300: GEM Rotator Roller 
Bearings

If the material is indeed 100Cr6 and 
assuming a relative permeability of our 
listed ‘carbon steel’ then we’re above the 
limit by about a factor of 4. 

Two considerations: 
(1) Depolarization – divide ferrous 

background by 3.
(2) Aluminum roller structure missing.

(a) I believe shielding & 
attenuation by the wheel 
structure would then 
sufficiently tamp this down 
to comfortable territory.
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Backgrounds that hit detector ‘28’9300: GEM Rotator Roller Bearings
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Backgrounds that hit PMT Region9300: GEM Rotator Roller Bearings
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9301 – GEM Rotator Floor Locks

Floor locks built to spec from JT 
files. 

Made of G4_STAINLESS-STEEL 
in remoll

Placed, in remoll, right behind the 
floor rail for the barite wall.

Barite Wall
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9301: GEM Rotator Floor Locks

(From my notes after talking 
with David I simply noted these 
as “steel”)

⇒ If the plates are made of 
stainless steel then the ferrous 
backgrounds fall far below 
concernable limits.
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Backgrounds that hit detector ‘28’9301: GEM Rotator Floor Locks
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Backgrounds that hit PMT Region9301: GEM Rotator Floor Locks
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9302 – GEM Rotator Gear Motor

I went with a simple toy model for the 
GEM Rotator motor at this point. 

I could not find information online 
about a “6660N33” gear motor. 

So, I looked at similar looking models 
and many were in the 7-8kg range. 

I went with a toy model [rectangle] the 
width and height of the motor in the JT 
file and made it thick enough in Z for 
7kg of material.
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9302: GEM Rotator Gear Motor

This toy model of the gear 
motor suggests that it’s not an 
issue. 

While I presume there may be 
a variety of materials with 
varying susceptibilities, with a 
background fraction of 10-12 
this is safely within any limit.
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Backgrounds that hit detector ‘28’9302: GEM Rotator Gear Motor
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Backgrounds that hit PMT Region9302: GEM Rotator Gear Motor
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9303 – GEM Rotator Chain

12mm high x 10mm deep

Modeled as the perimeter 
of two circles connected at 
common tangents with 
rectangle boxes

Material specified to be 
SS316

MAKE X/Y Plot for 
Primaries
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9303: GEM Rotator Chain

SS316 falls between ideal and worst 
stainless steel. Tolerable background 
limits would therefore be around 10-7

We fall very nicely under that.

Additionally, the chain is over-modeled 
in size which would further reduce the 
background fraction. Depolarization 
and some shielding/attenuation from 
the rotator structure would also reduce 
the ferrous background fraction.
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Backgrounds that hit detector ‘28’9303: GEM Rotator Chain
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Backgrounds that hit PMT Region9303: GEM Rotator Chain
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9304 – GEM Rotator Fasteners

Three types of fasteners. 
Modeled 2 sets which were 
the bulk of the material. 

Material specified to be 
SS316

Item specifics on next three 
slides.
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NUT

BOLT

https://www.parttarget.com/530
5-01-576-2852_5305015762852_
93190A721.html/-604EA34A-153
0-4386-B042-EFB1DC88D8CF
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9304 – GEM Rotator Fasteners
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https://www.par
ttarget.com/530
5-01-514-2852_
5305015142852
_175252.html/-6
04EA34A-1530-
4386-B042-EFB
1DC88D8CF
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I’ll note that the 
93190A722 bolt/screw 
overlaps in the center 
portion of the frame. I 
just unioned them 
together in remoll so 
they appear as one 
long continuous piece.

9304 – GEM Rotator Fasteners
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https://www.lily-bea
ring.com/products/
92185a726/ 26

9304: GEM Rotator Fasteners
These weren’t in the simulation. I had hit my deadline 
and figured that we could mass-scale the results if we 
were concerned about there being an issue.

https://www.lily-bearing.com/products/92185a726/
https://www.lily-bearing.com/products/92185a726/
https://www.lily-bearing.com/products/92185a726/


9304: GEM Rotator Fasteners

SS316 falls between ideal quality 
and worst quality stainless. 

A ferrous background of 10-7 would 
be considered the limit of what is 
tolerable and we fall over an order 
of magnitude under that without 
making considerations for 
depolarization or additional 
shielding/attenuation from the 
rotator structure itself.
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Backgrounds that hit detector ‘28’9304: GEM Rotator Fasteners
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Backgrounds that hit PMT Region9304: GEM Rotator Fasteners
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9305 – GEM Rotator Stepper Motors

Stepper motors.

Unsure of particular design of these. 

Modeled the ferrous materials as a 
cylinder (rmin=8.5mm and 
rmax=15.5mm). Unsure of total 
material needed so just went with 
z=45mm; this is probably too much 
material but figured too much here 
was better than too little.
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𝜌Fe ~ 7.8 g/cm3

23.8 cm3 x 𝜌Fe = 185.6 g (x 14)

~2.6kg of Fe in simulation
*** There could be model improvement with more 
information from GEM team if the information is on 
hand or known. I may very well have over-modeled 
the material in question.

This rotator is L/R symmetric



9305: GEM Stepper Motors
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Spin polarization of Fe is ~8%.  So tolerable background 
limits on these motors is 10-12 per e.o.t. 

As modeled (there may be some wiggle room for mass 
scaling) the ferrous backgrounds are high on the main 
detector area and also on the PMT boundary region.



Backgrounds that hit detector ‘28’
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9305: Gem Rotator Stepper Motors



Backgrounds that hit PMT Region9305: Gem Rotator Stepper Motors
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9306 – GEM Rotator T-Nuts (Toy Geometry)

● T-nuts SS304
○ https://8020.net/3607.html
○ https://8020.net/3678.html

● Modeling all of these is too difficult and 
likely unnecessary.

○ Modeled SS plates of material 
with proper masses at locations 
shown (in image shown).

○ Masses taken from specs from 
website for one screw/nut pairs.

○ Used 4x4 fastener location 
(outlined in red) to get a 
generalized density of 
material–16 fasteners over about 
(16cm)^2 of space.

○ There are a handful of middle 
fasteners that I did miss.

● Additional areas modeled circled in cyan 
(done on left and right) 34

Mass of ~792 t-nut fasteners modeled (one 
of the areas near the motor was slightly 
different but I modeled like the other side for 
ease but otherwise mass is accurate for 
each area although area may be slightly off).

⇒ This is about 50% of the total t-nut 
fasteners and represents an accurate spatial 
distribution of the t-nut fasteners.

^^^ Green squares are the t-nut toy geometry.

https://8020.net/3607.html
https://8020.net/3678.html
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Copy of spreadsheet of 
locations for the patches of 
SS placed where t-nut 
fasteners are located.

*Represents about 50% of 
total t-nuts.

**Modeled each area as a 
square patch so the area of 
coverage is centered 
correctly but may be slightly 
off due to shape.

9306: GEM T-Nuts (Toy Geometry)



9306: GEM T-Nuts (Toy Geometry)
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SS-304 (Not great ferrormagnetic quality, let’s consider 
worst-case stainless)

Tolerable limit per e.o.t. is on of the order 10-8.

As modeled 1.7(10-10), doubling for unaccounted mass still 
not a problem.



Backgrounds that hit detector ‘28’
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9306: GEM T-Nuts (Toy Geometry)



Backgrounds that hit PMT Region9306: GEM T-Nuts (Toy Geometry)

38



Summary

39

and meeting comments/notes



401BG=Background

Simulation Summary & Comments
Ferrous 
Detector

Ferrous Volume 
Common Name Material(s) Ferrous BG1 Limit

[per e.o.t.]
Main Det Sim BG1 

[per e.o.t] Comment

9300 Roller Bearings 100Cr6
[Carbon Steel] 10-11

~5(10-11)
↓

< 1.66(10-11)

On the edge but likely okay. Depolarization will reduce this by a factor 
of three (3) and there will be some shielding/attenuation by GEM 
Rotator structure not accounted for here.

9301 Floor Locks Carbon Steel 
and SS 10-11

~3(10-11)
↓

~ 1(10-11)

Close to the limit. Need to add more materials which will probably 
bring this above the limit. Will need to investigate shielding. 

9302 Gear Motor 7kg Multiple 
Materials 10-12

~1(10-12)
↓

< 10-12

Assuming worst material limits we’re still under the ferrous BG1 limit. 
Depolarization adds further comfort as does shielding and attenuation 
by GEM Rotator structure.

9303 Chain SS316 10-8
~2(10-9)

↓
< 10-9

Over-modeled slightly and safely within limits. Depolarization adds 
further comfort as does shielding and attenuation by GEM Rotator 
structure.

9304 Bolt Fasteners SS316 10-8
~4(10-9)

↓
~10-9

While adding in missing fasteners and nuts to simulation would 
increase this number. Depolarization and some shielding/attenution 
by missing GEM Rotator mass would reduce this. TBolts to be added.

9305 Stepper Motors Modeled as 
2.8kg Fe 10-12

~4(10-12)
↓

~1.5(10-12)

Depolarization would reduce by about a factor of three. Additional 
considerations need to be made for mass scaling. Outside rotator 
structure so I don’t see much chance for additional attenuation.

9306 T-nut Fasteners SS-304 10-8 ~10-10
Model result was ~2(10-10), doubling to account for unmodeled mass 
we come to <4(10-10). Assuming that SS-304 is absolute worst quality 
this is still well below tolerable limits.



Recent Meeting 
Notes

41

● Things to be added
● Revisions
●
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Ferrous Materials Meeting Comments/Ongoing/New

✓ Stepper Motors

✓ T-nuts

● Floor lock primary hits locations
○ Analysis item, do after modeling complete.

✓ Add rotator frame

✓ Rods SS316 → need to be modeled

✓ Bearings at the bottom of gem planes connecting to 
the rod → Carbon Steel (Sent CAD to JLab email)

○ Body: SS316, Bearing: Carbon steel

➢ Motor catalog item from David (JLab Email)
○ NEMA 23, seems to be double stack motor from 

dimensions in JT, says motor weight is 958 g… 
previous toy model is 185g (~20% of motor weight)

✓ Model the roller pin for Chandika as SS
○ Make the geometry 

● Ferrous materials in HDMI connectors.
○ These are in the same general location of the 

stepper motors.



Some of my 
original 

notes/screensnips.

Not necessary to view.
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10.64cm in zed
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Use this for 
z-position

Radius from beamline center is: 1199.75mm
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51

The JT file represents the angle orientation when the 
rotator is parked. GEMs will be retracted of course.


