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1.0 Purpose of Test Model 

The purpose of the test model for the muon barrel toroid 
is to discover any problem associated with the design. 
fabrication. and assembly of the scale model. Through the 
fabrication. assembly and testing of the scale model. we 
may have enough test date to verify the FE analysis 
results of the model and better understand the full toroid 
through the behavior of the scale model. The experience 
from the scale model should bring about some design 
improvements and the awareness of the potential 
problems on fabrication and assembly for the full toroid 
that require workable solutions prior to completing the 
the final design. 

In addition. a magnetic test on the scale model will be 
performed to measure the magnetic flux distribution in 
the magnet steel. The magnetic properties of the steel 
may be better understood from the test results and the 
computer model for the magnetic field analysis may be 
verified. 

The anticipated questions for the scale model as well as 
the full toroid are summarized below. 

1. The out-of-plane bending during the installation of 
the vertical ring may impose additional load to the 
toroid. If the vertical ring needs to be adjusted to 
eliminate this out-of-plane deflection. can the 
corner joint be strong enough to withstand the 
bending? What will the upper limit of this bending 
for the current design to withstand? 

2. The fabrication of the long and short plates may 
not be as flat as we like them to be. If these thin 
plates are bolted together to form long and short 
blocks. can the middle plates be flattened during 
the assembly of blocks? Is there an optimal 
thickness for fabricating the plate in terms of 
flatness? 
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3. Can the straight pins. taper pins or square keys 
on the long and short blocks be installed as 
designed without much technical difficulties? Is 
there an optimal method to fit the pins and keys to 
the blocks? 

4. Under different failure modes. which will be the 
limiting on the structural integrity for the blocks? 
for the ring? for the bolts? What is the maximum 
deflection for the ring in all directions? 

5. What effect will the impact load between blocks 
have on the bolts during assembly of the ring ? 

6. What effect do different materials have on the 
magnetic field distribution in the toroid? How 
much impact can be predicted on the magnetic flux 
distribution in the toroid due to bolts. pins. 
notches or air gaps. 
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2.0 Description of Test Model 

2.1 Test Model Octagonal Ring 

2.1.1 The test model has a scale of 1:9.197 compared to 
the actual size toroid. The octagonal ring consists 
of eight long blocks and four short blocks in a 
similar configuration as the actual size toroid and 
represent 1/16 of the muon barrel toroid. The 
detailed dimensions of the test model are provided 
in Tables 1 through 3. The test model assembly 
sketches are provided in Section 7.1. The design 
details of the plates and blocks for the test model 
are provided in Section 7.2. 

2.1.2 Each long block consists offour 5/8" thin plates in 
the inside and two 3/4" thin plates in the outside. 
Each short block consists often 5/8" thin plates in 
the inside and 3/4" thin plates in the outside. After 
thin plates are bolted together, each block will be 
machined on the outside surfaces until the 
required dimensions of each block as shown on the 
design drawings are met.The long block uses twelve 
(12) longitudinal bolts to hold the six plate 
together, while the short block uses eight (8) 
longitudinal bolts to hold the twelve plates 
together. At each end of the block, there are six (6) 
counter bore bolts for the long block, and twelve 
counterbore bolts for the short block. These corner 
bolts are used to connect the short and the long 
blocks into an octagonal ring. 

2.1.3 There are two straight pins in the longitudinal 
direction for each long and short blocks for the 
corner bolts to be threaded in. There are also two 
(2) taper pins for each long and short blocks to be 
installed after the blocks are assembled together. 
This will allow the pins to cany the shear when the 
blocks are being machined. In addition to the 
corner bolts, two (2) keys are to be installed for the 
adjacent long and short blocks to help cany the 
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shear. The keys may be of regular square shape in 
one piece or tapered wedge shape in two pieces. 

2.1.4 There are a total of four (4) shear plates to be 
installed in the longitudinal direction. One shear 
plate is welded to the bottom horizontal block from 
inside the octagonal ring. Other three plates are 
welded to the top hOrizontal block and the two side 
vertical blocks from outside the octagonal ring. 
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Table 1 MBT Full Scale & 1/9.197 Scale Design Parameters 

I Thin Plate 

No of Thin Plates! Long Block 
No of Thin Plates! Short Block 
Thin Plate Thickness, mm (In) 
Total No of Plates! Ring 

I Long Block 

No of Blocks! Ring 
Top Length, mm (In) 
Bottom Length, mm (in) 
Thickness, mm (in) 
Width, mm (in) 
Weight, Ibs 

I Short Block 

No of Blocksl Ring 
Top Length, mm (In) 
Bottom Length, mm (in) 
Thickness, mm (in) 
Width, mm (in) 
Weight, Ibs 

I Bottom Long Block 

Top Step Depth, mm (in) 
Comer Notch Depth, mm (in) 

I Single Ring 

Outside Dia, mm (in) 
Inside Dla, mm (in) 
Total Weight, Ibs 

Full Scale 

6 
12 

146 (5.748) 
96 

8 
9835 (387.205) 
6835 (269.095) 
1500 (59.055) 
876 (34.488) 

189810 

4 
5590 (220.079) 
2590 (101.969) 
1500 (59.055) 
1752 (68.976) 

186280 

50 (1.969) 
100 (3.937) 

16500 (649.606) 
13500 (531.496) 

2263600 

6 

1/9.197 Scale 

6 
12 

16 (0.625) 
96 

8 
1069.4 (42.101) 
743.2 (29.259) 
163.1 (6.421) 
95.2 (3.750) 

244 

4 
607.8 (23.929) 
281.6 (11.087) 
163.1 (6.421) 
190.5 (7.500) 

240 

5.4 (0.213) 
10.9 (0.429) 

1794.1 (70.632) 
1467.9 (57.791) 
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Table 2 MBT Full Scale & 1/9.197 Scale Design Parameters 

Full Scale 1/9.197 Scale 
Iz Bolt 

No of Bolls! Long Block 12 12 
No of Bolts! Short Block 8 8 
Bolt Dia. mm (in) 56 (2.205) 6 (0.236) 
Head Width, mm (in) 85 (3.347) 10 (0.394) 
Head Heighl, mm (In) 35 (1.378) 6 (0.236) 
Bolt Length/Long Block, mm (in) 800 (31.496) 87 (3.425) 
Bolt Length/Short Block, mm (in) 1675 (65.945) 182 (7.165) 
Counterbore Dia, mm (in) 138 (5.433) 15 (0.591) 

I Corner Bolt 

No. of Bolts! Long Block 12 12 
No. of Bolts! Short Block 24 24 
Bolt Dia, mm (in) 56 (2.205) 6 (0.236) 
Head Width. mm (In) 85 (3.347) 10 (0.394) 
Head Height, mm (in) 35 (1.378) 6 (0.236) 
Bolt Length. mm (in) 430 ( 16.929) 50 (1.969) 
Counterbore Dia, mm (in) 138 (5.433) 15 (0.591 ) 

I Straight Pin 

No of Pins 1 Long Block 2 2 
No of Pins 1 Short Block 2 2 
Pin Dia, mm (in) 150 (5.906) 16 (0.642) 
Pin Lenglhl Long Block, mm (in) 870 (34.252) 94 (3.701) 
Pin Lengthl Short Block. mm (in) 1740 (68.504) 188 (7.402) 

I Taper Pin 

No of Pins 1 Long Block 2 2 
No of Pins 1 Short Block 2 2 
Large End Dla, mm (In) 150 (5.906) 16 (0.642) 
Pin Lengthl Long Block, mm (in) 870 (34.252) 94 (3.701 ) 
Pin Lengthl Short Block. mm (in) 1740 (68.504) 188 (7.402) 
Taper/per foot. in 0.25 
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Table 3 MBT Full Scale & 1/9.197 Scale Design Parameters 

Full Scale 1/9.197 Scale 
I Shear Key 

Width, mm (in) 100 (3.937) 11 (0.413) 
Height, mm (in) 100 (3.937) 11 (0.413) 

I Shear Plate 

Length, mm (in) 6835 (269.095) 743.2 (29.260) 
Width, mm (in) 1752 (68.976) 190.5 (7.500) 
Thickness, mm (in) 25 (0.984) 2.718 (0.107) 

I Bottom Shear Plate 

Length, mm (in) 4990 ( 196.457) 542.6 (21.362) 
Width, mm (in) 1752 (68.976) 190.5 (7.500) 
Thickness, mm (in) 50 (1.969) 5.437 (0.214) 
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2.2 Test Model Support & Assembly Frame 

2.2.1 There are two inclined plates located underneath 
the test ling which are similar to the full toroid 
support inclined plate design. The inclined plates 
are 3/4" thick and 6-1/2" long and the material 
type is A36 carbon steel. The details of the inclined 
plates and the support assembly are shown in 
Section 7.3. 

2.2.2 The inclined plates are placed into the notches on 
the base plate and on the lower corner of the 
bottom long block. The thickness of the base plate 
is 3/4" thick. The depth for the base plate notch is 
3/16" and for the corner notch of the bottom long 
block is 7/16". 

2.2.3 The support assembly frame for the test model ling 
is made of aluminum channels, beams. plates and 
angles. The material type is aluminum 6061-1'6. 
Therefore, the magnetic test for the test model will 
not be affected by the assembly frame. The details 
of the assembly frame design are shown in Section 
7.4. 

2.2.4 The dead weight of the test model ling is about 3200 
Ibs. The deadweight of the inclined plates is about 
50 lbs. The dead weight of the assembly frame is 
about 350 Ibs. Therefore the total weight of the 
structure is about 3600 Ibs. The maximum load on 
each inclined plate is about 1900 Ibs. 
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3.0 Testing Cases and Configurations 

3.1 Testing Cases 

There are a total of six load cases and two magnetic field 
case to be tested on the scale model. The deflection of the 
block and the ring, and the load values in vaIious cOITler 
joints will be measured. The magnetic flux for the steel 
ring will be measured for both X-V and Y-Z planes at one 
cOITler joint. The stress values for the laminated plates is 
expected to be small and hence will not be measured. 
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3.1.1 Vertical Deflection (X-Y Plane) 

To measure vertical deflections at the top. the middle and 
the bottom portion of the ling. and the bolt load at the 
lower corner joint of the ring under various external 
loads in order to test the stiffness of the ring and the 
corner bolts. 

F 

Case 1 - Vertical Loading for 
X-V Plane Deflection 

1 1 



3.1.2 Longitudinal Deflection (Y-Z Plane,Top Block) 

To measure longitudinal deflections at the top portion of 
the ling and the bolt load at the lower corner when the 
force is applied to the top and the bottom long blocks in 
opposite directions. This will test the the longitudinal 
stiffness of the ling. and the corner bolts. 

F 

F 

Case 2 - Longitudinal Loading for 
Y-Z Plane Deflection 
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3.1.3 Longitudinal Deflection (Y-Z Plane. Corner Joint) 

To measure the longitudinal deflections at the middle 
corner joint when the force is applied to the neighboling 
long block and short blocks where the corner blots are 
removed. This will simulate the condition when the ling 
assembly experience an out-of-plane (X-Y) misalignment. 

, .... ~r--rt--- F F- .. 

Case 3 - Longitudinal Loading for 
Y -Z Plane Deflection 
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3.1.4 Vertical Misalignment (X-Y Plane) 

To measure vertical forces at the upper comer joint in 
order to close certain vertical gap between the long and 
short blocks. The bolts at one comer joint are removed to 
allow vertical gaps to be formed and measure the forces 
and deflections under various loads. 

F 

F 

Case 4 - Vertical Loading for 
Corner Misalignment 
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3.1.5 Simply Supported Long Block 

To measure the vertical (X-Y Plane) deflection of a simply 
supported long block to test the stiffness of a laminated 
block design and examine the plate joints and the bolt 
pattern of the long block. The number of the bolts and the 
location of the pins can also be evaluated. 

F 

/'\ 

Case 5 - Vertical Loading for 
Laminated Plate Stiffness 
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3.1.6 HOIizontal Misalignment (X-Y Plane) 

To measure hOIizontal deflections at the upper comer 
joint when the top block and the neighboring lower block 
are disconnected and are subjected to hortzontalload. 
This test case may simulate the condition when there is 
a tolerance buildup and the ring may not close after the 
top block is installed. 

~-"'F 

Case 6 - Horizontal Loading for 
Corner Misalignment 
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3.1.7 Magnetic Field (X-Y Plane) 

To use Hall probes or Gaussmeter to measure the 
magnetic field flux density. The sensor for the Hall probe 
is available in the market with a thickness of about 1.0 to 
1.5 mm. For the magnetic path and the permeability test. 
one extra long block made of steel plates with different 
chemical contents will be used in the ring. 

Hall Probe 

Case 7 - Magnetic Test for X-V 
Magnetic Flux Distribution 
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3.1.8 Magnetic Field (X-Z Plane) 

To use Hall probes or Gaussmeter to measure the 
magnetic field flux density. The sensor for the Hall probe 
is available in the market with a thickness of about 1.0 to 
1.5 mm. For the magnetic path and the permeability test. 
one extra long block made of steel plates with different 
chemical contents will be used in the ring. 

Hall Probe 

> 

Case 8 - Magnetic Test for Y-Z 
Magnetic Flux Distribution 
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3.2 Testing Configurations 

3.2.1 In Figure 1, two vertical loads are acting on the top and 
the bottom blocks toward each other to simulate load 
case # 1. The estimated vertical load is about 10 tons in 
order to produce proportional vertical and horizontal 
deflections in the scale model compared with the full 
toroid. 

The load sensing bolts are placed in appropriate 
locations to measure the bolt load. The horizontal and 
vertical deflections are measured at various locations by 
dial indicators. The required loading equipment include 
10 ton pull back ram with hydraulic pumps, a 10 ton 
dynamometer and two chain loops. 

3.2.2 In Figure 2, the bottom block is held stationruy to allow 
the bending force to act on the middle of the top block to 
simulate load case #2. The estimated bending force is 
about 300 lbs which is l001b of the vertical deadweight of 
the ring. However, a higher force may be required to 
produce more deflection for measurement's sake. 

The deflection will be measured by a dial indicator at the 
top block. The loading equipment include 10 ton pull back 
ram with hydraulic pump, 10 ton dynamometer, 3 chain 
loops, a horizontal beam and an angIe beam. 

3.2.3 An optional configuration for the same load case #2 is 
shown in Figure 3. There is a force acting in the middle of 
the ring while the top and the bottom blocks are bent in 
the opposite direction. This configuration is similar to 
supporting the ring at the top and bottom and force the 
ring to deflect in the middle. 

The deflection will be measured at the center section of 
the ring by dial indicators.The loading equipment include 
10 ton pull back ram with hydraulic pump, 10 ton 
dynamometer, 4 chain loops and 2 triangle frames. 
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3.2.4 For load cases #3, #4 and #6, the top block and the side 
block are disconnected to allow the horizontal. vertical or 
longitudinal forces to be applied to these blocks opposite 
to each other to measure the proper deflections and bolt 
loads. The configurations are shown in Figures 4, 5 and 
6. The estimated load for these load cases is about 5 tons 
in order to produce the deflection proportional to the full 
toroid in tenns of the scale. 

The deflection will be measured by dial indicators and the 
loading equipment needed for all these load cases include 
10 ton pull back ram with a hydraulic pump, 10 ton 
dynamometer, 3 chain loops and a support beam. 

3.2.5 For load case # 5, a long block is held in place with a 
support frame and a load is applied to the center of the 
block as shown in Figure 7. An optional configuration for 
this load case is to place the long block on top of a 
support frame and use a press to apply the load to the 
block. The estimated load depends on the test purpose 
and the range of the test load may be from 5 to 10 tons. 

The deflection will be measured by dial indicators and the 
loading equipment include 10 ton pull back ram, 10 ton 
dynamometer and a frame support. 
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Figurel - Vertical Loading for 
X-V P 1 ai n Oef 1 ect i on and Corner 
60 1 t Load 
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Y-Z Plain Deflection and Corner 
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Figure 5 - Vertical Loading for 
Corner joint Misalignment and 
Corner 801 t Load 
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Figure 6 - Horizontal Loading for 
Corner joint Misalignment and 
Corner 80 1 t Load 
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4.0 Instrumentation Requirements 

4.1 Deflection 
For the purpose of measuring deflections. some digital 
dial indicators may be used with proper mounting 
accessories to provide the support in place. Laboratory 
equipment such as theodolite or laser may be available on 
a loan basis to measure the deflections. 

4.2 Bolt Load 
For the purpose of measuring the bolt load at the corner 
joint. load sensing bolts will be used. These internally 
gaged hex head cap screws or ferry cap screws are 
available to measure accurate preload. service load and 
overload of bolted jOints. (See Section 7.5) 

4.3 Dimensional Tolerance 
Laser or theodolite units may be available from the 
Laboratory on loan basis to measure the dimenSions. 
flatness. squareness. perpendicularity and tolerance. 

4.4 External Load 
Load cell such as a dynamometer may be used to 
measure the applied external forces on the test model 
ring to produce proportional deflections in terms of the 
scale. Other equipment such as pull back ram and 
hydraulic pump may be used to generate the external 
loading. 

4.5 Magnetic Field 
A hand-held Hall probe and a Gaussmeter may be used 
to measure the magnetic flux distribution inX-YorY-Z 
plane directions. The digital readout equipment for the 
Hall probe may be borrowed from other group in the 
SSCL.The gap between blocks needed to accommodate 
the Hall probe is in the range of 1 to 2 mm. (See Section 
7.5) 
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5.0 Material Procurement 

5.1 ASTM A36 Carbon Steel 

Presently it is difficult to buy 10 10 carbon steel from the 
steel distributor in small quantities. The most readily 
available carbon steel that has 1010 carbon content is 
ASTM A36 steel. The carbon contents of some available 
A36 steel is 0.10 which is within the range of 1010 steel 
carbon content (0.08-0.13). The manganese content is 
0.66 which is outside that of the 1010 steel (0.3-0.6) by a 
small amount. The phosphor and sulphur contents are 
within the 1010 steel limits. 

For the structural test, the model will be made of A36 
steel for material availability. There is little difference 
between 1010 steel and A36 steel in terms of structural 
characteristics if the chemical contents are very similar. 
Later on when A87 steel becomes available from IZHORA, 
there is a need to conduct a magnetic test to vertfy the 
magnetic properties for A87 steel because that is the 
steel to be fabricated for the full size toroid. 

5.2 A87 Carbon Steel 

There is no definite response from the Russian source as 
far as the production of A87 steel for the test model. A set 
of sketches with details of dimension and tolerances for 
the test model have been faxed to Dubna through Edward 
Tsyganov to request a cost estimate and fabrication 
information. The material impact on the magnetic 
properties for the test ring should be tested by using 
both A36 steel and A87 steel in the test model. 
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6.0 Schedule and Milestones 

• Scoping Document Approved 5/11/92 

• Material Procurement Start 5/13/92 

• One Short Block Complete 6/3/92 

• One Long Block Complete 6/3/92 

• Ring Support Complete 6/15/92 

• Assembly Frame Complete 6/22/92 

• One Extra Long Block Complete 6/29/92 

• All Blocks Complete 7/6/92 

• Ring Assembly Complete 7/27/92 

• Model Test Complete 8/31/92 
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7.0 Drawings 

7.1 Test Model Assembly Sketches 

Figure A MBT Test Model Ring Assembly & Support 
Figure B MBT Test Model Ring Assembly & Support 
Figure C MBT Test Model Assembly Frame 
Figure D MBT Test Model Assembly Frame 
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7.2 Orawings for Test Model Plates & Blocks 

S00000148 
SOOOOOl49 
S00000150 
S00000151 
S00000152 
SOOOOOl53 
S00000154 
S00000155 
S00000178 
S00000179 
S00000180 
S00000181 
S00000182 
S00000183 
SOOOOOl84 
S00000190 
S00000267 
S00000268 

Long Plate W /Counterbores 
Long Plate W /Thru Holes 
Long Block Assembly 
Bottom Long Block Assembly 
Short Block Assembly 
Short Plate W /Counterbores 
Short Plate W /Thru Holes 
Short Block Assembly (Option) 
Long Taper Pin 
Short Taper Pin 
Long Key 
Threaded Rod 
Short Pin 
Spacer 
Short Key 
Shear Pin 
Shear Plate 4.8 mm 1b.ick 
Shear Plate 2.54 mm 1b.ick 
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7.3 Drawings for Test Model Support 

SDD000277 
SDD000278 
SDD000279 
SDD000280 

Support Assembly 
Support - Base Plate 
Support - Gusset 
Support - Inclined Plate 
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7.4 Drawings for Test Model Assembly Frame 

SDD000281 
SDD000282 
SDD000283 
SDD000284 
SDD000286 
SDD000287 
SDD000288 
SDD000289 
SDD000290 
SDD000293 
SDD000295 

Angle Bracket 
Vertical Channel. Right 
Angle Assembly 
Short Angle Assembly. Upper 
Angle 250 mm Long 
Side Angle 
Inclined Angle 
Inclined Channel. Left 
Short Angle Assembly. Lower 
Angle 350 mm Long 
Inclined Channel, Right 
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7.5 Vendor's Data 

STRAINSERf Internally Gaged Screws 
F. W. Bell Sedes 9900 Gaussmeter & Probe 
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Standard 
Internally Gaged 
HEX HEAD CAP SCREWS 
(STEEL ALLOY) (SXS SERIES) 
.. ..,.. . '. ~ 

i 0 (,' 
accurate preload, 
service load and overload 
of bolted assemblies 

, 
'.' ,. 

uniformity, efficiency 
and reliability 
in bolted assemblies 

...• ': . 
./ ~ , : 

research, testing 
and manufacture 
of bolted assemblies 

Strainsert fasteners utilize an exclusive internal gag
ing method· to indicate bon tension due to preload 
and subsequent service loads with strain gage ac-
curacy. They are the first fasteners to provide a 
means for accurate, independent inspection of an 
assembled bolt for preload, thereby enhancing the 
structural integrity and raliability 01 both the bolt and 
the assembly, 
The gaging process consists of the installation of 
toil type bonded strain gages in a small hole drilled 
along the longitudinal neutral axis 01 the bott This 
method compat8S lavorably in accuracy and stabili-
ty with the best external gage installations, but it 
Is vastly superior to external installations In 
mechanical and environmental ruggedness and 
miniaturizatton since the internal strain gage in-
stallation is sail-protecting, 

Neither the gage nor the drilled hOle reduce the 
aIowable bolt load in a Stralnsart fastener. The gage 
installation will withstand andaccurateiy indicate the 
lull allowable load of.the highest strength bolts 
available. Hole dePth is conlined to the grip length 
of the bolt. and the hole diameter is controlled so 
that the bolt cross-section through the threads is 
smaller than the section through the shank with the 
gage hola. 

Standard hex head cap screws are available in three 
types, based on prOVisions for lead wires: 

LEAD WIRE TERMINATIONS 

Type C 
with 

Con_Of 

TypoH 
with Multl-pin H_ TypoW 

with 
Cable 

Type C: with screw type miniature connector, re-
quiring mating cable assembly 

Type H: with multi·pin header, for soldered lead 
wire connections 

Type W: same as Type H. with 1().ft. lactory-
installed cable. 

Over 190 different Strainsart Hex Head Cap 
Screws are stocked. ready lor gaging. Delivery 
is two weeks or less, I.o.b. West Conshohocken. 
Pennsylvania. For specific sizes available, ask 
lor the Price end Stock List on Internally Gaged 
Hex Head Cap Screws. For a more complete 
description of internal gage installations in bolts 
end studs ask lor Strainsert Bulletin #361-7. 

·U.S. Patent "2.873.341 

1ft 

~ .., .. 
Z 
;:: 
w ... ... 
:::l 
CD 



Stock Internally Gaged HEX HEAD CAP SCREWS 
STEEL (SAE Grade 9) 

Material SAE 4140 or equivalenl. 

Hardness Rockwell C38 10 C42. 

Ultimate Tensile Strength 180,000 psi Minimum; (SAE Grade 9) 

Threads 

Thread length 

Finish 

ITEM 

GAGES 

GAGE FACTOR 

Class 2A, rolled 

2-diameters + V .. inch full threads + 3A. inch maximum imperfect threads. 
Zinc Dichromale plated. Corrosion Protection per Federal Spec. 
QQ P416 TVDe II Class 3 

.. 
' ..... 

CHARACTERISTIC 
Allowable screw loads for Strainsen Hex Head Cap Screws, 
as tabulated below, are based on approximately 70% Yield 
Sirength of Ihe Ihreads, in poundS. 

Melal Foil 

2.00 SCREW FINE COARSE 
DIA. THDS. THDS. 

SERVICE TEMPERATURE 150°F or 300°F V. 2,600 2,600 

LINEARITY 

REPETITION 

RESISTANCE 

CONFIGURA TION 

ACTUAL STRAIN 

OUTPUT SIGNAL 
(nominal, at 
allowable load) 

EXCITATION 

± 1 % of Allowable Load 

±0.1% 

120 ± 2 or 350 ± 5 ohms 

Ouaner· (OB), 
or Full·Bridge (FB) 

2700,..10 3OO0,..(design cenler) 

FB: 3.5 10 4 mVN 

OB: 1.3 10 1.5 mVN 

120-0hm OB: 3V Across Gage 

35O-ohm OB: 6V Across Gage 

120-0hm FB: 6V Across Bridge 

35O-ohm FB: 12V Across Bridge 

5A. 5,400 5,000 

% 7,600 7,500 

7Ae 11,000 10,000 

V. 15,000 14,000 

tAl 20,000 16,000 

'AI 26,000 23,000 

% 38,000 33,500 

'10 52,500 46,000 

1 70,000 62,000 

1'.4 88,000 76,000 

1Y. 110,000 97,000 

1% 180,000 144,000 

Each cap screw is proof~oaded to above indicaled load as pen 
of quality conlrol procedure. BOlh Ihe value of proof_ and 
actual microstrain or mVN signal obtained are furnished to 
customer on a no-charge basis. 

Union HiIIlndusirial Park. Wesl ConshohOCken. Pa. 19428. U.S.A. Telephone (215) 825·3310 • FAX 215-825-1734 

6M/ANi191 Printed in U.S.A. 
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'::>1 
Standard 
Internally Gaged 
12·POINT CAP SCREWSt 

(STEEL ALLOY) (SOH SERIES) 

T.... ,1 ,! .~ " ,~,' '':; 
""'" I :(,/ . ., .... ',.."'~ ., 

accurate preload, 
service load and overload 
of bolted assemblies 

FO~1'!A";~nl "'")"1 
J J~.J,C4..,.,.,1.J:"./JMi.1)J 

uniformity, efficiency 
and reliability 
in bolted assemblies 

For Ef1s CljY3 
research, testing 
and manufacture 
of bolted assemblies 

t Ferry Cap 
Countr-80r Screws 
Interchangeable 
_1960 
_Socket 
Head Cap Screw 

Slrainsert ~ utilize an exclusive internal gag
Ing method· to indicate bolt tension due to preload 
and subsequent service loads with strain gage ac-
curacy. They are the first fastene .. to provide a 
means tor accurate. independent inspection of an 
assembled bolt for preload. thereby enhancing the 
structural integrity end reliability of both the bolt end 
the assembly. 
The gaging process consists of the installation of 
foil type strain gages bonded in a small hole drilled 
along the longitudinal neutral axis of the bolt. This 
method compares hM>rabIy in accuracy end stabili-
ty with the beat external gaga Installations. but n 
10 vastly superior to external installations In 
mechanical and environmental ruggedness and 
miniaturization since the internal strain gage in-
stallation is self-protecting. 
Neither the gage nor the drilled hole reduce the 
.-bolt load in a Strainssrt fastener. The gage 
installation will withstand end accuratety indicate the 
full allowable load of the highest strength bolts 
available. Hole depth is confined to the grip length 
ot the bolt. and the hole diameter is controlled so 
that the bolt cross-section through the threads Is 
smaller than the section through the shank with the 
gage hole. 
Standard 12-polnt cap screws are availabfe in three 
types. based on provisions for lead wires: 

LEAD WIRE TERMINATIONS 

Type C 
with 

Connector 

Type H 
with Multi-pin 

H ....... 

TypeW 
with 

C .... 

Type C: with screw type miniature connector, re-
quiring mating cable assembly 

Type H: with multi·pin header, tor soldered lead 
wire connections 

Type W: same as Type H. with 10-11. factory-
installed cable. 

Over 130 different Strainsert 12-Point Cap 
Screws are stocked. ready for gaging. Delivery 
is two weeks or less, f.o.b. West Conshohocken, 
Pennsylvania. For specific sizes available. ask 
for the Price and Stock List on Internally Gaged 
12·Point Cap Screws. For a more complete 
description of internal gage installations in bolts 
and studs ask tor Strainsert Bulletin *361·7. 

·U.S. Patent 12.873,341 



-. ...•. --. ,.; .,..... ; . .~ .:::"~ Stock Internally Gaged HEX 12·POINT CAP SCREWS 
(STEEL ALLOy) -_ .. _------- ------

Matarlal SAE 4140. 

Hardn ... Rockwell C37 to C43. 

Ultimata Tenslla Strength 170.000 psi Minimum. 

Threads Class 3A. rolled to 1" dia.; Class 2A. rolled 1 %" dia. & larger. 

Finish Black Satin Finish. 

ELECTRIC~L S?ECIFiCATIC~IS 

ITEM CHARACTERISTIC 

GAGES Metal Foil 

GAGE FACTOR 2.00 

SERVICE TEMPERATURE 150°F or 300°F 

LINEARITY 

REPETITION 

RESISTANCE 

CONFIGURATION 

ACTUAL STRAIN 

OUTPUT SIGNAL 
(nominal. at 
allowable load) 

EXCITATION 

± 1 % of Allowable Load 

±0.1% 

120 ± 20r350 ± 5 ohms 

Ouarter- (OB). 
or Full-Bridge (FB) 

2700 /JoE (dssign centsr) 

FB: 3.5 mVN 

OB: 1.4 mVN 

120-0hm 08: 3V Across Gage 

35O-ohm 08: 6V Across Gage 

120-0hm Fa: 6V Across Bridge 

35O-ohm FB: 12V Across Bridge 

ALLOWASL2 SCREW LOADS 
Allowable screw loads for Strainsert 12-Point Cap Scr_s. as 
tabulated below. are based on approximatsly 70% Yield 
Strength of the threads. in pounds. 

SCREW FINE COARSE 
OIA. THOS. THOS. 

V. 2.700# 2.700# 

0/" 5.400# 4.8OOJ/ 

'Ia 8.200# 7.200# 

',1, 15.000# 14.000# 

." 25.000# 22.000# 

'I. 36.000# 32.000# 

% 50.0001 44.000# 

67.000# 59.000# 

1% 74.000# 

1'1. 92.0001 

1',1, 136.000# 

Each cap screw is proof-loaded to above Indicated load as part 
of quality control procedurs. Both tha value of proof-load and 
actual microstrain or mVN signal obtained are furnished to 
customer on a no-charge basis. 
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SERIES 9900 MENU-DRIVEN 
-'ULTI-CHANNEL GAUSSMETER 

General Description 
Series 9900 Gaussmeters are the 
top-of-the-line and the most 
versatile of all gaussmeters in the 
broad F.W. Bell line. The series 
comprises three models, providing 
up to three channels for 
continuous measurements. 

The 9900 is micro-processor 
based and is fully menu-driven. 
Time-proven F.W. Bell technology 
has been updated with state-of-
the-art high-speed circuitry and 
software for optimum performance 
and accurate, high-reSolution 
measurements. A four-and-three-
quarter-digit display with bargraph 
displays in milligauss, gauss, 
kilogauss, megagauss, microtesla, 
millitesla or tesla, depending on 
the range selection and the type of 
probe used. 

The 9900 series provides an 
RS-232 port for complete remote 
-.pntrol (both master and slave) 

ld an IEEE-488 port (slave only). 

• 

• • 

.. ..a. ..... - .. 

The meters may be purchased 
as one-, two-, or three-channel 
units, Models 9901, 9902 and 9903, 
respectively. Since the design is 
completely modular, single- or 
dual-Channel instruments may be 
upgraded at any time with 
additional channels. The addi-
tional modules merely plug in. 

Multiple-channel instruments 
can be used with two- or three-
axis probes and can display 
readings from all axis simulta-
neously, with different displays for 
each channel, giving the user a 
high degree of flexibility. 

Display 

Typical 9901 display. 43f.-digit with 
Bargraph • Peak Hold 
• Back-lighted • Autorange 
• Channel-in-use Indicator 

Features 
Fully Menu-driven 
Displays in Gauss or Tesla 
Frequency: dc to 50 kHz 
Instrument Accuracy: ±0.1% 
43f.-digit Back-lighted LCD Display 
Nine Ranges from 30 mG (3 pT) 

to 3 MG (300 T), some ranges 
require specific probes 

Resolution of 10 mG (0.1 pT) 
to 100 G (10 mT) 

Analog Bargraph Display 
Displays 2- or 3-axis Readings 

Simultaneously 
Autorange 
Peak Hold 
Self-diagnosis 
Dynamic Probe Correction 
IEEE-488 Bus 
RS-232 Port 
Built-in Zero Gauss Chamber 
3-volt Full Scale Output 
3-level Classifier 
Auto Calibration 
Auto Zero 
Rack Mount, Optional 

Modular Design 

Modular design permits easy 
expansion from one to three 
channels. Modules merely plug in. 

Orer 70 $g'-nI Probes /W1/11""e. See PI/gel 13·23 for Probe SpecHicllfi-. See PI/g. JO for Gil , ....... SpecificIIfIoII 
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Description 
Fourth generation F.W. Bell 
gaussmeter probes comprise a 
wide range of models designed to 
meet the electrical and mechanical 
requirements of virtually any 
application. They are precision, 
solid-state magnetic field sensors 
built for accurate, repeatable, 
stable field measurements. 

Models are available for 
transverse or axial, 2-axis and 
3-axis field measurements with a 
variety of field measurement 
ranges, field sensitivities and 
physical configurations for each. 
Calibrated extension cables. 
high-sensitivity magnaprobes 
and cryogenic probes also 
are available. 
No/e: Nol ., PID- _/able for ., --. 
Probe Model Number 
Definition 
Each probe model is classified 
with a three-letter, five- or 
six-numeral model number. The 
chart shown shows the signifi-
cance of each letter and numeral. 
At the factory the assembled 
probes are calibrated to match the 

GAUSSMETER PROBES 

.. ; MODEL 9900, 9500 & 9200 

input characteristics of each 
gaussmeter model. The model to 
which each probe is calibrated is 
indicated by a numeral in the 
fourth or fourth and fifth space of 
the model number. A Model 
SAR4-1802 will operate properly 

, ~'. 

. '. '.~' ... ,~'~ 

with any Model 9640 gaussmeter. 
The Model SAR99-1802 will work 
only with a Model 9900 
Gaussmeter although it is 
physically similar to the 
SAR4-1802. 

No/e: Thl. cheri I. fo be u.ed fo de"'" the model numbero wllllln 1111. curl, and nol fo 
tlwlgn. probe ua/ng. mix of eny p."."..let'allated. 

s A R 4 18 02 
,:::r- -,- T T GAUSSMETER MODEL 

99=9900 95=9500 OD OR PROBE 
92=9200 4=9640 THICKNESS LENGTH 

- - T 
PROBE TYPE DO 02·21N 

ELECTRICAL 06-.060 IN 04·41N 
PERFORMANCE 08-.080 IN 06·UI 

09-.080 IN 06-81N 
B· 1.0% 10 kG lX 15·151N 
E· 2.0% 10 kG lX 12-.120 IN 

18-181N 
G· 2.0% 30 kG lX 18-.180 IN 

36·36 IN 
I· 3.0% 10 kG lX 19-.187 IN .-.IN J- 0.1% 10kG lOX ~.2501N 

6O·601N 32-.312 IN K· 0.25% 10kG lOX , 
L· 0.25% 30 kG lOX THICKNESS 

A·AXIAL 
T • TRANSVERSE 
O· NOT APPLICABLE 

...... PROBE STYLE 

C - CRYOGENIC 
F· FLEXIBLE 
H . HEAVY DUTY 
S-STANDARO 

N· 0.5% 30 kG lOX 
00-.010 IN 

EXTENSION 
p. 1.0% 30 kG lOX CABLE LENGTH 
R· 1.0% 100 kG lOX 01-.015 IN 

~ u- 2.0% 100 kG lOX 02-.020 IN 0010-10 FT 

W-2.5% 2G .01X 03-.080 IN Q02S.2S FT 

Q. CAlIBRATED 04-.040 IN 0050·50 FT 
06-.060 IN 0100-1OOFT 

M·MAGNA 
V·2AXIS 
Z·3AX1S 
X • EXTENSION 

c..a..E 

~.2501N 

NOI.: Frequency "",p 01 Ihe probe: lhe accuracy 0_111. _lIIed _ /0 ±1" 
typic. for the Serf .. 9900; ±296 typical for Mod.,. 9500 & _ (Th. Mod. _0 
frequency rang." de fo 400 Hz.) 
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AXIAL PROBES (Continued) 

;.- Opondlng 
Item Stem Linearity % Frequency Active Temp. Tomp S1eblllty ( ..... ) , Number A D C Material ofAHdlng A ... ge Sensitivity Am ""- Zero Con"""" r;;;,. ... -2502 126275 2"' ± .063 

HAR4·250a 126276 8-±.12S 1% 
HAR4-2S18 126277 lS"t.12S to 100 kG 

HAR4-2536 126278 36· •. 250 

HA84-2502 126279 2'"± .063 E 
HA84-2508 126280 8"±.12S 

, 30· O"C .250" .015" 0 1% lX •. 09 -.04% 
±.OOS ±.O10 E to 10kG dc-5kHz blue dia. 10 Gaussl"C f'C HA84-2518 126281 lS-t.12S 

~ nom. +75°C 
HA84-2536 126282 36" ± .250 

H_·2502 126283 2'"± .063 

HAG4-2508 126284 S"± .125 2% 
HAG4-2518 126285 lS"t.12S to 30 kG 

HAG4-2536 126286 36" ± .250 

I"RANSVERSE PROBES 

~ ;-i U_ 
~ -- 1 "Of "- • ...... r_ Temp .... Mty (rnP) • - - A H C D E F G - - .. ..... .. - .... CoIba 

STl'_ 129937 2"t.063 .25% IX .010- , .09 -.04% 
to 30 kG dc-10kHz blue die. GauUI"C I"C 

STFOI><M04 129938 4"%.063 ~ """. • 
STM0H002 129030 2":t .063 8. .15"-• -- 129940 4":t .063 

. ...,. w to 30 kG 040" %.13 
.150" +.000 ~ do lOX 

die.. Gauso ± .005"-
,JIO' 

~ "'" I"C ~ , .... , 2"±.063 -.004 g 1% oom. rc 
• :1l • to 100 kG Sr-..04 , ..... 4":t .063 " " ~ • • • 

.145" .~ Y .~ 0: ... % ""'10 .-129967 4":t .063 0. 0. 8: 5OkH, .... sr_ U03 ~ ~ to10kG , .09 < < < -. lX oom. -.04% 
;; ;; ~ ..... t-o;o:- Gau .. rc Hr_ 

'''''' 8" ± .125 Z Z .25% rc 
dc·l0kHz ~a. 

1 ..... 18":t .125 
10 JakG """'. HTF9I-OI18 E O"C H""""" , ..... 8":t .125 .,eo- .060· , 

to 
+.000 

0 .15% ..-,. , ..... 18":t .125 
:1:.003 

-.004 E to 30 kG .040" + 75° C :t,13 , 
'OX .... ± .005% < do Gauso 

IffiIOHOOII '''9.,<7 8'"%.125 1% 
.... 

""m. I"C I"C 

HTR99-06'. , ..... 18w :t.125 10 100 kG 

lX .070' '.09 -.04% ST_ , .... , .. % de· 10 kHz blue ... Ga .... I"C 10 30 kG "'m . I"C 
.13D" . 375" .130- .020· 

~ .15% S ...... 204 129952 '.008 '.063 ,.003 '.003 10 30 kG ± .13 , 'OX , .005% 
0: do 

"'" Gauos 
.020- ,% .040" f'C I"C 

STR99-<l204 '29953 .ISS" " 4":t .063 ,.ODS •. 002 ... 10 100 kG <ta . 
-.009 . 015" 0: """ . 

.OSS" .312" .080· .~ :t .15 -.06% 
~104 , ...... '.005 %.031 '.003 +.000 

$ 
dc-10kHZ Gauso I"C -.003 '" 50% lX I"C 

.010- 10 10 kG """ .030· O"C , .20 ,,.... 050· .375" .135" 
+.000 do <Oa 10 Gauss -.10% 

I 
JO()4 %.005 ,.063 :1:.005 rc -.003 ""'" 50" C I"C 

Note: SpecifiutiOllS subject to ..... witlJouf "otice. 
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