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1 Introduction

The overall objective of this project is to test a new low cost approach lighting system
(LCALS) that will replace existing FAA MALRS Category 1 ALS. FIU-HCET has
performed electrical circuit analysis on the Sequence Flasher Assembly.
The circuit analysis task consists:
1. Mathematical calculation.
2. Software simulation
The task required re-entering the schematics for the sequence flasher inte Orcad Capture
format in otder to do the simulation. This report will discuss the electrical circuit analysis
of the Sequence Flasher Assembly and the softwate simulation. Plots of the system’s
performance and response were generated using Orcad’s Probe software.
The following were the changes provided by DME during our meeting on March 20,
2002.
1. Fix schematic errors. Please see Figures 4, 5, 6, and 7. *
2. Incorporate change from 10 iF to 100 pF to capacitors C1, C2, and C9. Also
change of input connection to voltage regulator circuit Figure 7.
3. Simulate the current through resistor R37 at three different times in current clamp
circuit Figure 7. Please see Figures 26,27 and 28. Calculafe the total current
from 15V power supply. Please see Table 1. :

2 Sequence Flasher Circuit Analysis

The sequence flasher circuit analysis contains three parts. The mathematical analysis, the
transient sweep analysis, and the Monte Carlo analysis. These three parts are essential in
receiving accurate results. The three parts also helped us with recommendations that
were needed to achieve the desired output parameters given to us by DME.

2.1 Mathematical Analysis for Intensity Control Circuit
Mathematical calculations were generated to find the voltage (see Figure 1) between
CR13 and C2. For component values and locations refer to the schematic Figure 1 and
Figure 2. When the input is in the positive cycle, the input charges C2. This input also
travels through R1, R2, pin 1, pin 2 and ground. To calculate the highest voltage between
CR13 and C2 we use the voltage divider equation.

Vo =Vi *Ry/R+ Ry
Plugging in the values for the variables above we get:

(120-1)*300/(6.9k+300)+1 =4.95 V

The voltage is 4.95 V after an unlimited charge time on C2. We then calculated the RC
cycle time: R1 * C2 = 6.9 ms, and we calculate the AC cycle time: 1/60 Hz =16 ms.
The half AC positive cycle time is 8ms. “Since it takes 6.9 ms to charge C2 and the half
positive cycle time is 8 ms, then C2 is fully charged. To find the highest current we used
Ohm’s Law, V =IR. The highest current through R2 is:

(5 - 1.1)/300 = 13 mA.
It appears that CR13 is used for protection in case the voltage rises above 16 volts.
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To increase the current on R2 to 20mA, we must decrease the value of R1, that will raise
the vgltage between CR13 and C2, and also C2 will charge faster.

When the inputis in the negative cycle, it is disconnected by CR1.-C2 begins to dischargé
through R2, and U1. The discharge circuit is shown below:
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Figure 2: Discharge Circoit Figure 3: High and low voltage discharge
' from capacitor C;

Opte-coupler Ul is simplified as a zener diode, and the voltage across the zener diode is
1.1V. There is ne resistor for Ul.

Figure 3 represents the discharge of capacitor C; with V2 being the high voltage and V1
being the low voltage. In Figure 3 the half cycles are 8 ms. The following calculation is
for the voltage ripple enterlng opto-couplcr Ul. Please compare the calculated values to
Figure. 11.

1. V=V, g¥RCa ;t=8ms RyC;=30ms

Vi=0.76V,



Suppose we take C; out and calculate the voltage shown in circuit Figure 1.
Va= Vigput * (300/300 -+ 6900) + 1.1V =6V.
The six volts is for the AC cycle time 16 ms.

Now since we are calculating the negative half cycle ( 8 ms ) for discharge, the voltage is
now three volts.

In the following equation for V, we will use the 3V .
2. V2=V +3(1 -2y t=8ms RyC, =30 ms

Vo=V, +3%026 =V,+0.78V
*
Now substituting equation two into equation one we get V, = 3.2V and V, = 2.4V,
This will ensure that the opto-coupler will remain on-all the time,

2.2 Mathematical Analysis of Pulse Width Time -

Mathematical calculations were generated to obtain the pulse time for the three different
intensity circuits. The pulse time was calculated using the pulse width equation fora
resistor-capacitor cireuit. The equation is:

Pulse time (T) = 1.1 x Resistor (Req) x Capacitor (C).

For the low inttensity circuit we calculate the resistor value for the equation using resistors
R29, R32, R33, R34, and R35 in parallel. For the capacitor value we will use capacitor
C6. The equation to calculate resistors in parallel is:

1 = 1 +_1 +_1 +_ 1 + 1
Reg R35 R34 R33 R32 R29

l = 1 +_1 +_1 +_1 + 1

Req 681K 562K 15K 562K 15K

_1 = .0001836
Req
Req = 5.45KQ

By plugging in Req into the equation for pulse time we obtain:
T=11*Req*Cé or T=1.1*545K* 0.1uF
T=0.6 ms

Figure 4 shows the resistors in parallel and C6 for the low intensity lighting circuit.
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For the medium intensity lighting circuit, we again use the same pulse time equation
T=11*Req*C.

First we have to ¢alculate the resistor value for the pulse time equation. The resistors in
parallel for the medium infensity lighting circuit are R33, R34, and R35. By using the
resistors in parallel equation:

1 =1 +_1 +_1 or
Req R35 R34 R33

L= 1 +_1 +_1

Req 681K 562K 15K

_1 =.000099144"

Req )
Req = 10.1KQ

—

By plugging in Req into the equation for pulse time we obtain:
T=1.1*%Req*C6 or T=1.1*%10.1K* 0.1uF
T=1.1m

Figure 5 shows the resistors in parallel and C6 for the medium intensity lighting circuit.
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For the high intensity lighting circuit, we again use the same pulse time equatio
T=1.1*Req*C. '

First we have to calculate the yesistor value for the pulse time equation. The Req for the
high intensity lighting circuit is 68.1K€). Plugging in vaiue for Req into the equation for
puise time we have:

T=11*Req*C6 orT=1.1*68.1K*0.1pF

T=7.49 ms
cR1 R *:
.l'l'l'-l.
TDINADOE g gy o &2
CR13
MLLeeaA_| 1

¢
Pulse Time 7.4% mi

Figure 6 shows the resistor and capacitor for the high intensity light.

Figure 6: Resistor and capacitor used to gencrate the pulse width time for the high intensity lighting
cireuit.



2.3 Mathematical Analysis of Current Clamp Circuit

The current.clamp circuit takes the input voltage of 120 VAC and feeds it to the halogen
bulb of the sequence flasher circuit. For this part of the report we have calculated the
vatues for the voltages of the circuit. For component values and locations refer to the
schematic Figure 7. To better understand the calculations derived with the circuit, letters
have been placed (A through G) to show the change in voliages.

We start with showing the voltage at point A. When the input (120 VAC, 60 HZ) is at its

rising positive cycle, A is positive. The voltage here depends on the load from capacitor
C100.

At point B we will use the reference voltage, 2.5 volts, from the regulator diode US.
By using Obm’s law we calculate:
(2.5/422K) * (732K + 12.1K + 4.22K) = 445 volts. -

Since point B is 445 volts, then the regulator diode U8 is off. On the other hand opto-
coupler U7 is on, Point A and point F are not connected when point A is in the positive
cycle. This is due to diode CR8. When A is in the negative cycle, points F and G are
connected. This connection raises the voltage at point-A, otherwise it may drop to —500 -
volts. We can prove this by deleting diode CR8 from our circuit. Now we have Triac
Q1 on with resistors R17 and R18. The low resistance at point F (from R17 and R18)
gives us zero volts at point A, The zero voltage is when point A 1s in its negative cycle.
Voltage regulators VR3, VR4, and VR7are used to keep the voltage at point C below 11
volts.

To find the voltage at'point D we will use Ohm’s Law:
(11 /4.22K) * (4.22K + 12.1K) = 2.8 volts

The 2.8 volts from the equation above protects the regulator diode U8. The overall
function of the circuit is to raise the voltage at point A to zero volts when point A is at its
negative cycle.

'R100, CR100, and C101 are the discharge path for the L100 inductor. The inductor dees
not like the direct connection to ground.
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2.4 Transient Sweep Analysis

The transient sweep analysis uses the component values for the original circnit. For
component values and locations refer to the schematic Figure 14, Figure 16, and Figure 18.
HCET recommended in its initial analysis to reduce the value of R2, R4 and R6. These new
-values for the mentioned resistors were given to us by DME. The original value for R2, R4, and
R6 decreased from 1KQ to 3000, Also resistor values R1, R26, and R27 are revised by DME to
lower values. The resistors decreased from 10K one watt to 6.9K< one watt. Another change
by DME was to capacitors C1, C2, and C9. The value was changed from 10 pF to 100 uF. For
figure 1 the resistor values for R3, RS, and R25 is 910KQ. In order to simulate this circuit, the
base of the opto-couplers (pin 6) cannot be floating, Therefore large resistor values (910K€2)
were placed at that pin to the ground. Also we changed resistor R23 from 1MQ to 910KQ. We
did this because by using a IMXQ resistor at opto-coupler U4, we generated nogpulse width at the
output of epto-coupler (pin 3). During our simulation by changing it to 910K.Q we generated
three output pulses that were close to the specified parameters. '

All graphs and schemitics were generated on Oxcad simulation software. First we start
with Figure 8 which shows the 120 VAC voltage input. Figure 9 shows-the voltage clipped afier
diode CR1. Figure 10 shows the voltage drop across zeéner diode CR13. Figure 11 shows the
voltage input at pin one of opto-coupler Ul. Figure 12 shows the current input at pin one of”
opto-coupler Ul. The next six figures are the sequence. flasher circuits at different light
intensities, and their corresponding outputs. Figure 14 shows the sequence flasher circuit for low
intensity lighting. Figure 15 shows the output pulse of the low intensity lighting circuit. The
output pulse is read at pin three of opto-coupler US5, and the square wave is a 1.9 ms pulse.
Figure 16 shows the sequence flasher circuit for medium intensity lighting. In Figure 17 we seg
the output puise of the medium intensity lighting ¢ircuit. The output pulse is given in is read at
pin three of opto-coupler U5, and square wave is 2.5 ms pulse. The last sequence flasher
circuit 1§ shown in Figure 18, This circuit is for high intensity lighting. Figure 19 shows the
output pulse for the high intensity lighting, The output pulse is read at pin three of opto-coupler
U5, and the square wave is an 8.5 ms pulse. The output pulses are transient sweeps that were
obtained using Oread simulation software.

-t 12
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2.5 Monte Carlo Analysis

A Monte Carlo analysis was generated for the three intensity circnits. The tolerances
were applied to each resistor and capacitor used. Three traces were simulated to show
three different pulses for each intensity lighting circuit. By comparing the transient
sweeps (Figure 15, Figure 17, and Figure 19) to the Monte Carlo simulations (Figure 20,
Figure 21, and Figure 22) one can view the transient sweep pulse, a pulse close to the
transient sweep pulse, and a pulse that is far off from the desired parameters.
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3 Recommendations and Conclusion

To optimize the sequence flasher circuit to the parameters given to us by DME,
changes had to be made to the original circuif. All errors were corrected following the
meeting at DME on March 20, 2002. On the original circuit the capacitors C1, C2, and
C9 were 10 pF, but after the meeting at DME the capacitors to 100 pF. This change
caused the current entering the opto-coupler Ul to drop to 6mA. Please see Figure 12 for
the simulation. In order to have optimal performance from the opto-coupler the current
must be more than 12mA. This is proven in section 2.1 - Analysis for Intensity Control
Circuit. DME recommended that we simuldte the current through resistor R37 in the
current clamp circuit for three different times. This circuit is shown Figure 7. The three
different times are the low time (750ps), the medium time (1.2ms) and the high time
(6ms). These three times reflect the DME parameter pulses for the low, medium and
high intensity lighting circuits. Figures 26, 27, and 28 show the graphs ofghe currents
through resister R37. Anothér suggestion by DME was to find the total current drawn
from the 15V supply. To find these currents we solved calculations, used datasheets, and
vertfied the values using the Orcad simulation software. Table 1®escribes how the
currents were found and shows their current values. -

FIU-HCET has one recommendation for the sequence flasher circuit. This .
recommendation is to change resistor R35. Pulse width calculations and transient sweep
simulations were performed. First we start with mathematical calculations to find the
parameter pulse width for the high lighting intensity circnit. For the high intensity
lighting circuit the parameter pulse is a 6 ms pulse. Afier performing a transient sweep
simulation on the high intensity lighting circuit we received a 7.49 ms pulse. By using
the pulse width equation T = 1.1 * Req * C with the parameter pulse of 6ms we can
generate the correct resistor-capacitor combination to obtain the desired pulse. The
following is the calculation for the high intensity lighting circuit:

T=11%*Req*C or 6 ms=1.1 ¥Req ¥ .1uF
Solving for Req we obtain the equation:

Req =6x107° =549KQ

11*1x10°%
By changing resistor R35 from 68.1 K to 54.9 K, the transient sweep simulation gives
us 2 5.9 ms pulse. Please refer to Figure 23 to see the pulse for the high intensity lighting
circuit. Now using the change in capacitors and to resistor R35 we simulated the medium
intensity lighting circuit and the low intensity lighting circuit. For the medium intensity
we get a 1.2 ms pulse and for the low intensity we get a 680 us pulse. To view these
pulses see Figure 24 and Figure 25.



Current

Current Calculated

Current Value

3

This current was calculated
from the R equivalent of the

High Intensity lighting circuit.

The calculation is 15V/
68.1K€). For values please
see Figure 18.

220 pA

12

This current was calculated
from the 15V supply next to
opto-coupler U4, The
calculation is ISV/ R22 or
15V/1KQ,

For values please see Figure
18.

15 mA

13

This current was found at pin
eight of 555 timer US. For
values please see Figure 18.

150 pA

14

From voltage regulator circuit
using the 15 volts, VR6, and
R13. The calculation is (15 -
3.3)/1.8K. For values please
see Figore 7.

6.5 mA

IS5

The maximum supply current
for IGBT driver U6. This
current was found using
IGBT driver’s datasheet.

SmA

Total Carrent

26.87 mA

Table 1: Total current consumed by 15 velt supply

30
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Sequence Flasher Unit Mechanical/Thermal Analysis

HCET has completed its mechanical and thermal analysis of the Sequence Flasher Unit
(SFU) for DME’s low-cost aircraft approach lighting system. For the SFU design, DME
provided HCET with preliminary drawings with nominal dimensions and a non-detailed
IGES solid model. The cover and the back plate were specified to be aluminum in the
drawings; no other component materials were specified. In discussions with DME
personnel on April 2, 2002, it was decided that this report should consist of an analysis of
the mounting system (since all other components are lightly loaded) and an analysis of
the estimated interior temperature of the unit. Calculations were performed using
Mathcad software with equations available in engineering referénce books. A calculation
package was completed for this analysis, with the results outlined in this report.

*,
1.0 Unit Description

The sequence flasher unit designed by DME is compesed of thin sheet aluminum. A back
plate assembly is 0.125-inch aluminum and has adjustments to allow the tilt angle of the
unit to change. There is.a cover that attaches to the back plate using four latches (sce
Figure 1). A gasket between the back plate and the cover provides a weather-tight seal. -
The entire unit mounts on 6-inch diameter poles or 2-inch diameter poles. For the 6-inch
pole, U-bolts and a mounting plate are used to connect the unit. For the 2-inch pole, a
tube strap mounts the onit to the pole.

Figure 1. Overall view of the Sequence Flasher Unit.

2.0 Mechanical Analysis

Due to the size, material, and geometry of the sequence flasher unit box, and the
relatively light weight of the components, the structure is able to handle the loads
imposed by the components themselves. The part of the sequence flasher that could see
the highest loads is the connection of the back plate to the 6-inch pole (see Figures 2 and
3). The loading for this connection is not the weight of the components but rather the



degree of tightness with which the nuts are tightened to the U-bolts. Since the bolts are
tightened in the field, there is a potential for overloading this part of the structure. For this
reason, this part of the structure was selected for analysis. The 2-inch pole connection 15
achieved by using a tube strap that, if appropriately sized, is not subject 1o the same
loading condition.

DME’s design for mounting the sequence flasher unit incorporates two U-bolts of Y4-inch
diameter, two mounting plates, two foam pads, and the back plate, as shown in Figures 2
and 3. The mounting assembly by itself can be seen in Figure 4. A sleeve on the U-bolis
protects the finish of the pole from scratches'and, if properly selected, increases the
coefficient of friction between the U-bolt and the pole, thus reducing the tendency of the
assembly to slide down.

Figure 3. SFU mounting unit (part of the back
plate asse"mbly- removed).

Figure 2. SFU mounting assembly.

The mounting plate, shown in Figure 5, has dimensions of 9-in by 1.5-in by 0.25-in. The
holes are nominally 0.5-in diameter with a distance from the center of the hole to the
edge of the mounting plate of 0.81-in. While the exact material specification for the
mounting plate was not provided, typical mounting plates for U-bolts ar¢ made of 304
stainless steel.

Figure 4. Mounting assembly compeonents. Figure 5. Mounting plate.



2.1 Engineering Model

Based on the geometry of the mounting plate, calculations were made using a line
loading in the center of the mounting plate due to the pole and the loads due to the U-
bolt. For the analysis, since the mounting plate is so much stronger than the back plate,
the assistance of the back plate in resisting the load is ignored, and all of the load is
modeled as acting on the mounting plate.

2.2 Mechanical Analysis Results

The calculations performed indicate that for a stress of 30 ksi, on a single mounting plate,
the force holding the sequence flasher unit agamst the pole would be 250 Ibf. The yield
stress of 30 ksi was used, since the specification for the plate is unknown and virtually all
stainless steels havea yield stress at or above 30 ksi. Since each mounting plate can
provide a force of 250 Ibf, for the two mounting plates, the total force available for
holding the sequence flasher on the pole would be 500 Ibf. If the sequence $lasher unit
weighs 10 Ib, the coefficient of friction between the U-bolts and the pole would only need
to be greater than 0.02. However, the expected coefficient of friction between the U-bolts
with the sleeve and the pole is at least an order of magnitude greater. Thus, there should
be no problem providing enough force via the U-bolts to hold the seuence flasher unit in
place by friction. For the 250 Ibf load per mounting plate, the deflection of the plateis
calculated as 0.036-in.

If the approximation is-made that the coefficient of friction for the threads and nuts is.
0.15, the helix angle is ignored, and the friction collar radius of the nut is approximated
2/3 of the pitch diameter of the bolt, an estimated tightening torque on the nut to produce
250 1bf of 13 in-1bf is obtained.

The results listed above are linearly related, which means that if the yield stress is
doubled to 60 ksi, the force on the pole would double to 500 1bf per mounting plate; the
deflection would double to 0.072-in, and the forque on each nut would double to 26 in-
Ibf. A torque of 26 in-Ibf pernut is still fairly low, and care should be taken by the
installer not to exceed that value in order to avoid permanent deformation of the
mounting plate. For this case, the minimum allowable coefficient of friction between the
U-bolt sleeve and the pole would be half the value than for the 30 ksi yield stress case,
with a new value of 0.018-in.

In addition to the mechanical analysis of the .scquen'cé flasher unit, HCET has performed
an analysis to estimate the steady-state temperature inside the unit:

3.0 Thermal Analysis

The sequence flasher unit (SFU) is essentially a rectangular box that is subject to exterior
temperature loading, wind effects, and inferior thermal heating due to the electronics
components housed by the unit. According to DME, 120 Watts are sent into the unit,
where an estimated 90 Watts come out through the flasher window, while the remaining
30 Watts stay inside and are dissipated as heat. Based on an outside temperature of 70°C,
the steady-state temperature inside the sequence flasher was calculated.



3.1 Thermal Model

For this analysis, the sequence flasher unit is treated as an airtight box. The interior
temperature was taken as uniform, since convection currents will equalize the air
ternperature inside. The heat transfer mechanism is convection on the inside and outside
of the box and conduction through the aluminum wall. The interior temperature is
calculated for the steady-state condition, with no wind (worst case scenario), and an
outside temperature of 70°C.

3.2 Thermal Model Results

For the conditions outlined in the previous section, the estimated interior temperature of
the sequence flasher unit is 107°C. However, if there is a light wind outside the box (~ 5
mph), the interior temperature would lower to 92°C.

4.0 Conclusions *.

A miechanical and thermal analysis of DME’s sequence flasher unit was completed. The
mechanical analysis indicates that the most critical components are the mounting plates
for the 6-inch pole. These plates may be permanently deformed if ficld personnel over-
tighten the U-bolts holding the unit to the pole. The analysis indicates that while there is
adequate strength to hold the sequence flasher against the pole by friction, tightening the
nuts on the U-bolts beyond only 13 in-Ibf can cause permanent deformation of the
mounting plate (assuming the yield stress of the mounting plate is 30 ksi). This
component should thefefore be stiffened or adequate instructions given to field personnel
to avoid over-tightening of the U-bolts. The thermal analysis indicates that for a 70°C
exterior temperaturé with no wind, the estimated temperature inside the cabinet will be
107°C.

L]
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Halogen Bar Mechanical Design/Analysis

The Federal Aviation Administration has given DME and Florida International
University’s Hemispheric Center for Environmental Technolegy (HCET) a grant for the
design of a low-cost approach lighting system (LCALS). This work includes design,
analysis, and testing of a sequence flasher system and a halogen light bar system. HCET
has already completed the analysis of the sequence flasher unit. This report includes the
design and analysis of the halogen light bar (HLB) system.

1.0 Background

In February 2002, HCET obtained the design criteria for the halogen light bar (see
Appendix E) and reviewed it during a teleconference with DME. Based on the design
criteria, HCET proposed two design concepts. One was a closed frame systém, and the
other was an open frame system. The closed frame concept is illustrated in Figures 1
through 5.

Figure 1. Closed frame light bar concept. Figure 2. Closed frame exploded view.

Figure 3. Closed frame side view, Figure 4. Closed frame side view.



Figure 5. Closed frame side exploded view. *

The second concept was based on an aluminum open frame and isdllustrated in Figures
6-9. _

LT "-‘.‘*‘L"‘."‘v‘,_ -v - tir --‘ e e T ™ ™ "

Figure 6. Open frame light bar concept.

Figure 7. Open frame exploded view. Figure 8. Open frame side view.
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Figure 9. Open frame side exploded view.

Both of these systems required manufacturing several key components. While the
connector to the halogen light was commercially available, all of thé surrounding.
components to hold the connector and the halogen light bulb had to be manufactured. -
The open design was based on an aluminum construction that could be easily fabricated
by stamping and bending,

On April 2, 2002, both the open and closed system concepts for the HLB were presented

_ to DME. During the meeting, HCET was asked to use a non-metallic material for the bar

-‘ itself. We were also asked to use off:the-shelf components as much as possible. After the
meeting, a search was conducted to look for off-the-shelf items that could be used to
produce the halogen light bar system. This search led to an examination of exterior
lighting systems. One system in particular appeared to be appropriate for the halogen
light bar. This new lamp had a push-on cap, a
connector, and wiring for the halogen bulb. The
lamp itself'is shown in Figure 10. Figures 11-12
show the lamp in an open light bar frame.

Figure 10, Exterior halogen lamp. Figure 11. Open frame with exterior lamp.



Figure 12. Open fraineé with exterior light concept.

Several of these lamps were purchased for further examination. Examination revealed
that the body was aluminum, while the front cap was rubber. The halogen bulb was held
with a metal piece that was pushed into the body by the rubber cap. "There was some
question as to the repeatability of the alignment of the bulbs when replaced by field
personnel. A sample of this lighting system was left at DME for cold temperature
testing. Meanwhile, HCET continued searching for alternative light systems that could
be used for this project. The search yielded a lamp that was more appropriate and
required less modifications. This new lamp was subsequently selected for the final
design.

The current design employs an exterior ighting lamp, model 30005, manufactured by
Tazz lighting. The construction is all aluminum, and the halogen light is held in place by
a large-diameter spring (see Figure 13). By manufacturing a simple spacer in the front,
this system will allow for simiple and repeatable positioning of the halogen bulb. The
lighting includes a tempered glass lens and is suitable for MR16 halogen bulbs up to 12V
50 W. The idea was to use the open L-shaped frame, shown in Figure 6, and replace the
lamp in Figures 11 and 12 with the new one, as shown in Figure 14.

Figure 13. Tazz light- exploded view. Pigare 14. Tazz light in L-frame.



After this design was completed, a mechanical stress/deflection analysis was performed.
This analysis showed that the open L-shape was prone to twisting, which could cause
significant misalignment of the lights at the ends of the pole when the bar was subjected
to a 120 mph wind. Therefore, if was decided to modify the frame to a closed frame that
would resist the misalignment.

2.0 Final Concept Description

The final concept for the halogen light bar system designed by HCET is composed of a
1/8-in, 3-in square fiberglass tube with holes spaced 2.5 fi. apart. The holes are used to
hold the Tazz 30005 halogen light assemblies. The fiberglass tubing is cut into a truss
assembly to minimize wind resistance and weight, as shown in Figures 15 and 16.

Figure 15. Halogen light bar design. Figure 16. Halogen light bar design (side).

The lamp was modified with a latch to allow easy removal and installation of the cap for
bulb replacement. The back of the lamp contains weather-tight electrical fittings to hold
all of the electrical wires.

The HLB has two ountriggers made of fiberglass tubing. Miscellaneous hardware is used
to keep all of the components together. While the main components can be obtained off-
the-shelf, some of the ancillary parts are custom parts and will need to be fabricated.

Unfortunately, given the conflicting constraints of making the system rugged enough to
handle 120 mph winds and minimizing the weight (while using off-the shelf, non-
metallic matetials), HCET was not able to keep the weight at 22 lbs. The overall weight
of the halogen light bar, outriggers, mounting cap, and all miscellaneous hardware was
estimated to be 29 Ibs for the 6-in pole assembly and 25 1bs for the 2-in pole assembly.
These weights do not include the transformer that would have to be mounted at the base
of the pole. It was not possible to lightenthe system so as to include the transformer,
given the constraints placed on us for materials (non-metallic).



3.0 Mechanical Analysis

In order to analyze the HCET halogen light bar design, a solid model of the unit was
created using Pro Engineer and analyzed using Pro Mechanica. Since the unit is
relatively light, the loads caused by the weight of the system itself are low. The highest
loads expected for this unit come from the windblasts caused by aircraft. The highest
wind speed for the design was specified by DME to be 120 mph. Using this wind speed
value, drag parameters were estimated and used as inputs to the finite element model. A
description of the model and the assumptions invelved are listed in the next section.

3.1 Engineering Model

The halogen light bar was modeled and analyzed using finite element analysis. In order
to perform this analysis, it was necessary to.¢stimate the drag force caused by a wind
speed of 120 mph, at the maximum density possible for the specified environmental
operating range. The drag load was calculated for both the front surface an®l the rear
surface of the HLB. For the front surface, the total load was calculated at 148 Ibs (with a
1.3 load safety factor). For the rear surface, 50% of the drag was used (with a 1.3 load
safety factor) in order to account for a percent of the air that bypasses the front surface
yet might still impinge on the rear surface. The rear surface drag was calculated to be 64
lbs. Therefore, the model uses a uniform surface drag load of 148 Ibs on the front of the
HLB and a uniform surface drag load of 64 ibs on the rear of the HLB, both in the same
direction. The HLB was constrained at the bottom boltholes where the bar mates with the
mounting fork. The specifications used for the fiberglass were flexural modulus
(lengthwise) of 1600 ksi and poisson ratio of 0:33. The model ignores the contribution of
the outriggers to stabilizing the HLB as well as any stiffness contribution from the
electrical conduit system. This is a conservative assumption. The loading utilized is
shown in Figure 17.

Figure 17. Loading utilized in Pro Mechanica.



3.2 Mechanical Analysis Results

After several iterations of the design process, the final design was produced. With the
loads and material specifications listed above, the tip displacement was calculated to be
2.8 inches with a 120 mph wind. Figures 18 and 19 show an actual and an exaggerated
view of the deflection (deflection values shown in the figures should be multiplied by 386
to obtain actual deflection in inches).

Qi

Figure 19, HLB displacement (_eera ed).




For the material and loading specified above, the largest stresses are in the vicimty of 9
ksi. The bar is mostly at a very low stress state except near the center, as shown in
Figures 20 and 21.

ge 20. HLB FEA s.tresalysvalues in psi).

o

Fi. HLB stress center of bar (not areas of high stress near the few n
either side of the center of the light bar).




Localized areas of high stresses were found near the mounting holes at the constraints;
however, the constraints were not selected to be representative of the loads in the vicinity
of the holes but rather to allow for an analysis of the stress state far from the constraints.

Material was added near the lamp holes to stiffen the structure at those locations and
minimize stiess; Due to the closed cross-section of the HLB, the twisting of the structure
due to the wind load is negligible, thus guaranteeing that the wind loading will not
misalign the lamps in the vertical direction (see Figure 22).

Figure 22. HLB rofation about the long g axis (essenhally negligible).

Plans for the HLB components were printed and are included in Appendix B. Appendix
C has cut-sheets of the purchased components, while Appendix D has a parts tree list for
easy reference of parts and drawings. In addition to the mechanical analysis of the HLB,
HCET has performed experiments to understand the heat output of the halogen light and
its assembly.

3.3 Vibration Analysis

The halogen light bar was also analyzed for vibration. The vibrational model consists of
the fiberglass bar and weights at the lamp locations to model the weight of each lamp.
The bar was constrained at the mounting holes, and the outriggers were disconnected to
obtain the low-end natural frequency data. The analysis shows that the four lowest
natural frequencies are 4.7, 7.9, 8.6, and 8.8 Hz. Figures 23 though 26 show the mode
shapes for these frequencies (exaggerated by a factor of 20). The first mode is for
vibration at 4.7 Hz. As shown in Figure 23, this mode consists of alternating movements
of the arms in the vertical direction. Since the vertical movement of the bar is



constrained by the outriggers, this calculated mode can be ignored since the outriggers
will stiffen the structure sufficiently so as to move this natural frequency much above 4.7
Hz. The next frequency is 7.9 Hz and corresponds to a similar motion as for the first
natural frequency but in the hotizontal direction (Figure 24).

ie 23, Mode ' at4.7 Hz natural frequency (displacem‘exagr-at.
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The third frequency at 8.6 Hz and the fourth frequency at 8.8 Hz are essentially a
flapping motion (Figures 25 and 26) in the horizontal and vertical directions,
respectively, where the arms of the HLB “flap” together while the center remains fixed
on the support.

26. Mode shape at

88Hzn

(dlsplacentaggerat) ]

atural frequency



Once again, the mode at 8.6 Hz natural frequency can be ignored since the outriggers will
stiffen the structure against vertical motions and will thus increase that natural frequency.

4.0 Thermal Experiments

Halogen light bulbs operate at high temperatures (when compared to incandescent or
fluorescent lights). In order to determine the heat generated by these lamps, tests were
performed at HCET to estimate the temperature of the bulb and the lamps at varicus
locations. These tests are listed below.

4.1 Halogen Light Bulb Temperature

The thermal testing of the halogen bulb consisted of powering up a lamp, measuring the
input voltage and current, and taking temperature measurements at various Tocations.

This testing at an ambient temperature of 22°C revealed that the walls of the bulb ranged
in temperature from 50°C to 203°C. In particular, temperature measurements of the back
of the flange on the lamp were taken at various clock angles. These measurements were
important since they would be a likely contact surface in mounting the lamps. The results
show that the temperature does vary with clock angle relative to the location of the
tungsten filament. The results from these tests are shown in- Appendix A.

4.2 Tazz Lamp Body Temperature Test

A test similar to the one in the previous section was conducted, except that the
temperatures were taken at various locations in the body of the lamps. The lamp was
turned on for at least 30 minutes, and temperatures were taken. The testing at an ambient
temperature of 22°C revealed that the body of the Tazz lamp was at a consistent
temperature of 60°C. Appendix A inchudes the results of this testing along with tests on
other lamp models.

5.0 Conclusions

A mechanical design and analysis of the HLB unit was completed. Design drawings
were prepared and are included in Appendix B. The mechanical analysis indicates that a
120 mph wind will cause a deflection of 2.8-in with negligible angular misalignment of
the structure. The typical stresses the bar will see are low; however, 120 mph winds can
create stresses up to 9 ksi. While this is still well below the ultimate stress values listed
for pultruded fiberglass tubes (30 ksi typical, with one manufacturér — Shakespeare-
indicating 85 ksi flexural stréngth), fiberglass weakens when it is heated. Therefore, the
environmenta] tests that will be performed on the prototypes will need to verify the
system’s ability to hold a load, while the lights are on, in the maximum outside
temperature conditions allowed.



Appendix A
Lamp Testing
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DME-Lamp Experiments

EXPERIMENT [- Hatogen Bulb Testing

Equipment

Thermocouple Meter:

Input signal: k

Volts: 115 VAC Display: -105 +1372 °C

Watts: 2w Model: DP116-KC1

Serial No. 5322544 *

Thermocouple:
£ Omega Hypodermic Probe
HYP 3-16-1- ¥ -K-U-48-RP -
Lamp: # 1
Initial Data for Lamp # 1
Room Temperature; 22 °C
Input Current: 3.81 Amps
Voltage: 12.1 volts
Results of Lamp # 1
Front surface: max 126 °C =260 °F
Back surface: 123 °C B
Back on light source: 203 °C =400 °F

Final Temperature of Room: 22 °C



3/05/02

EXPERIMENT II- Halogen Bulb Testing
Equipment

Thermocouple Meter:

Input signal: k

Volts: 115 VAC Display: -105 +1372 °C
Watts: 2w Model: DP116-KC1
Serial No. 5322544

Thermocouple:
Q Omega Hypodermic Probe w5
HYP 3-16-1- ¥ -K-U-48-RP
Lamps: 2 & 3
Initial Data for Lamp # 2 ’
Room Temperature: 21°C
Input Curzent: 3.81 Amps
Voltage: 12.1 volts

Results on Lamp # 2

Back of lamp’s flange: 68 °C —— Front of lamp’s flange: 123 °C

Area located at Y4 inch from the v
back of the flange: Between 70 /
to 107 °C.

Figure 1. Temperatures in different areas of the lamp’s surface.



Figure 2 shows the temperatures of areas located at % inch from the back of the flange on.
Lamp # 2. All these temperatures are in °C.

98

50

107

Figure 2. Temperatures in Celsius degrees Lamp ¥ 2.
Initial Data for Lamp # 3
Room Temperature: 21°C
Input Current: 3.78 Amps
Voltage: 12.1 volts
Results of Lamp # 3

Figure 3 shows the temperatures of areas located at % inch from the back of the flange on
Lamp # 3. All these temperatures are in °C.

63

103

Figure 3. Temperatures in Celsins degrees Lamp # 3.

Final Temperature of Room: 21 °C
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HALOGEN LAMP BODY TEMPERATURE
Experiments:
Lamp:

Tazz Lighting 30005, color black, Material: die-cast aluminum body, tempered
glass lens, Weight: 14.6 02/0.9125 1b

Instrument:
| -
Q2 Omega Model CL23A Calibrator-Thermometer, K-J-T Thermocouples
Thermocouple Type T, Miniature TC jack '

-

Initial; -
Room Temp: 22.0°C Current: 3.78 Amps
Lamp Temp: 24.6-26.3°C Voltage: 12.0 volts
After 30 minutes:
:f;;__; 63 | 66 |
R E

625 o

NOTE: All numbers are in °C

Room Temp: 21.6°C Current: 3.75 Amps
Voltage: 12.1 volts



Lamp:

Sea Gull Lighting 9323-12, color black, Material: aluminum and rubber, glass,

Weight: 12.8 0z/0.8 Ib

Instrument:

Q Omega Model CL23A Calibrator-Thermometer, K-J-T Thermocouples
Thermocouple Type T, Miniature TC jack

Initial:
Room Temp: 22.0°C
Lamp Temp: 24.6-26.3°C
After 45 minutes:

S

P

574 672 71.3 472

NOTE: All numbers are in °C

Room Temp: 21.7°C

Current: 3.78 Amps ¥
Voltage: 12.0 volts
535 604 482
‘\\ '.l
485
P
Current: 3.78 Amps
Voltage: 12.3 volts



e

Lamp:
Tazz Lighting 30002, color green, Material: die-cast aluminum body, tempered
glass, Weight: 13.1 02/0.8188 Ib

Instrament:

Q Omega Model CL23A Calibrator-Thermometer, K-J-T Thermocouples
Thermocouple Type T, Miniature TC jack

Initial:
Room Temp: 21.6°C Current: 3.80 Amps
Lamp Temp: 21.8-22.6°C Voltage: 12.0 volts *
After 30 minutes: -
76 58.7
86.3 \ /
y 2 - e
. } . f;, /; YR \\
/ / AN
66.7 / ( 603
- AN i
—_— AN\
T / \%///8//
73.5 f | ;
84.1 611
NOTE: All numbers are in °C
Room Temp: 21.3°C Current: 3.80 Amps

Voltage: 12.2 volts



Appendix B
Final Design Drawings



, _ | (A ¥ £
7 40 ¢ 133H8]20/90/9 3L¥Q J3Wlwaa I1¥35 M0 - -
TS _UIN013ND 19738 NOILYDI44¥
10 HYINEOASH YL . TINYLINONT [ HC_G33p [A38Y 1XiN
[ASY Ok SMd ASIATLOY NDIS30 | nElnl g
. *BiN
" $71¥130 9KILKNOA toern, Yo _unansydes _
%08 HINWOISHVHEL TN yoR] | GNINYND 31¥5F E..le_. .
. a0 TIHY 110N 530} T i i
HIINY 7w | .E..__Sfﬂkzz . L“nwm“uu
: BN onvg0 | g we temeg avaNIA
10N LoV INOD DILON JELMIHLO $E2NN

e
b
=]

NOILdI¥I53Q

WIGWNY Luvd

HWili

F00FAXFI9100

DLOPYRPILH

ZIDFXXP 38109

yhpxxr3SLOd

EDORXAFNELOT

BI0EXXERILOO

§I0EXXENDLO0

———ra] | = | —]—

€I0reariaLog)

" |pr_ 0. tnaisrormsa mluu.ma..

\J 0ol1'e  ITHIE

¥ a1vd | NO1]

1835830

|ETH] - —

DA SHOIS I A

o [0




_ 2 & e 7] 2

2 30 | [33H5]20780/5 JA¥A 138[szen 37¥35, e e
SINOLEND LHD1 1% NO1LYI1144Y
[ HINHOASNYHL ZINY KON O Q350 _[A35Y L3N
[ A3Y _OR oM ALVANLOY WoOi#3 MSLN1 S =, o LAY
. CEI | - .
v SU120 ONLLNNOW 500rTY o ) INIMLYIN . ooNqa. JW@HWM
X068 HBWHOASNVUL TN 408 | DRIAYNG 31V3% 40N 00 _
LU T3YINON1 sig] o s SN -
i ALY EHEPI. WUONYrreT wuuqh“mm__
zween__wav¥a | sansio ni snia BeINT
QN LIVHLNOY .nu.ho_n ISIAEIHLY $23%NN
. N I‘I
— 080°0 338 . A
£ |
7
[ !
b~
M '
&
ta ey
« 7 CHC
=
b . br. a
-
=
{&
L=
» : _ ¥ V13 33
: 002°0 3N
CINRTESE T i
...\s......:..}
9,
3 ¥ 1
T [
AN AN AN ;
80270 31928
Y 11vl3g
ut ¥ i
q - N
QAOUedY) 31¥] | NOL1d182530 : 1811 — ' ) —
. T 7 T_SHOTSTAJN - < i - —_ .




| | 2 ¥ £ [ 4

[ 40 | 133HS]120/81/5  31¥Q 13d[aee 11935 0 :
. q 3 ¥InOLEN - NOILYDIVddY
[T+ ATOAENHL, | . Nt DTN : RO G360 [Js3Y LE3h
[ A% - "o - Ohd unoo@ ALIALLSY NQIS)T LE3LT OW | Teoziiemine
. - _ oan | -
Y A RHassy : i i) PLELTLFTH
AT FDIONENHENL Loaeseon ) yong | DNIBYNQ F1¥58 LOW OC
: g, I L e “/ e
WLLINTT xuww YNy " un“mmmu : o.cnro ._“._._Mww_.
laninee ] _HAYSO ] -giacme Wi “SNIG AYIKL) : : Y13
'ON_OYHINGD | 9340 JHINuNIO $327M0

& s
00§°0 IMNIS

80570 37¥38
g Yvile . _

¥ Iﬁié No. TURNBUCKLE -|5lll ‘in ll

00170 3198

001 0 3T¥3S

¢ NN N AN TN N NI NN N TSN TN A

[Q3NOBIIN] 3194 | -
T - SN0




HO1Lld IS 30

AWAYAYAYAYAYAYA

..... SR & AR SRR

{ | 2 ¥ 3 _ 4
T J0 | 13305 |20782/y__3A¥A 138[cie's VDS ETTH
U ¢ulxo__.n=u LM 1 3h KOILYDI1daY
0. COATOTHSL0T . Bil ZINYLNOH 1 . NO. Q350 JASSY LXiN
a3y ‘ ‘ON SMG| 000 35D ALIALLSY WDI§3Q HEIN1 3G IHOTY WIDATVH. 2OR2TXINELS0
) 9N | )
. ——— ‘¥ ANINLY TN
Y ASSY. @NS Wva 1Hon !il-.rl.. o £31Y600'N #5M3_| .ﬂ:.:._z TTV35 1OW 00 polto 3Tvas
3T by SaTvaon N $39 | o .m.muu”
T yaaun | TTONYERT n“m_.w_we
TINEINOTY_ RNYEY EIHIHT K u“.ﬂm s_w_:#
"ON LDYHLNOD AIAGH ITINEINIO SEYTRA
510 NOILd 142534 BIONAN LH¥d[ KL
- _ 500241226100 [
g g POOZXEINGLO] Z
m | p00E ¥XENSLO0 £
- ] LGGEXXERELHA ¥
g z qoocxycnsion] | €
.
_m A 1ORgRAENSLO 9
m r2 08X BNEL 00 L
=1 o 0108%18H8L00 §
2 T 21909XXEN9L 0 5
=
=




l811

ADEaI¥]_34¥a [— NOT1d189530
m v I._ SHOISIAY :

pS— |

! _ 2 ¥ 4
1 40 | L13IHS[20/8¢/p  3L¥Q T3d[iee s 31¥IS K0 P
. U HINOLEND LHBtIA ROILYDITdd¥
....._m._ souoﬂgmhouoz o . .nm $3IVYOK W
N OMO| 3002 39¥) ALIALLOY NO1$30 (11 a0 IWS
[Y) ¥ Tiyiie
< ) ) IHIRLYINL
SINGNHOVLLY 1904 TR yow3 NERYET 11735 LOW OF
I3NLL TTIVNOH'N 26 | e h . _H L1108
NIHNTT  y33y | LARLLR T ._.._humma
TN T ikvya | syan m1 cSR10 YINLD
o b Q110N 301KXINL0 B3NN
10 NOI1d ) 83834 mwmzaz Léyd] WilJ
T ! £002XX2Mg 104 [
B ) FOOEAXENS LOQ [4
m £ SOOEXXEWGLOT £
— | [ quogyxenaLegl f ~ 051°0 3738
S 1 00PXKIRSLOG| S
m £ 100BEXENEL 00 g
=
.,M g 200X XENSLD0. L
e £ D10BX¥ANGL0] 8/
= £ 1 108¥XRNIL0D b
£ -
=
> :
2
gL0'0 39S
d




RG1Ld195530

Ty

§NOIS1AJY

| Z ¥
T 40 1 133anSj20/8e/r  LVG Tadfeene N -
o) VEROLEND pupran | BOIEYALT4SY
| 10 ZooD0ZNeL00 I$ FERTT AL NO G3Sn _[ASSY LX3N
Ade OH 9MQ{ 3000 393 ALIALLOY ¥91830 HE1N1 2 g (EB17 WI0'IER JU0ZLELNILN
AN
. SR
. . !i ] LNIMLYI¥L 3
v ATEN3SSY N  |amem s W gowa || HATK JVIs Lot 03 v
SFuLL g DNeA T s3g | oty S E % __
T e . _.dm_mmm 170 J1¥a%
ST WAVNO|  sawont w1 said AvamI1
“GH_LOYHINDD Q340N 35 1MHLO EEING
. . El
ALD NDI L4 83834 AIEANN Livd| W3l
- _ pOOZ%X2YgL0D ﬁ -
- PR . |
S { 1002%X2H9 00 z ;
™ _ 100f A KENILEQ £ ot
o 1 Zoopikrngroql |
= . . L
8 Z 100SXAENSL0] g
s 2 2002% %8150 3 q
= z PO0EXNEHSLOQ L
b z cooauxenaLea] @
= 4 900k KBNS L0A 3
£ 8 Losgxyension] ol y
¥ RO08XNENSLOT. I r
s )
§0°0 18
2 J
a a




! ‘ _ 2 ¥ £ ~ v

30 | 133h5]e0/8e/y  3i¥0 13d[eess IS NG -
U ¥InoLEND JULIEL NOILYII YadY
£00ZXXTNRLOD i SITYHON'H . WO _Q35N_|ASSY EX
ON O#Q] 3003 1%¥D ALIAILDY MDESAG HE 1N # | 1#917 2300w | (ho0dtTmaced .
" 94N
b i) LHIRLYIUA
ASsY dvd 30d STINHON A 3912 PNIAVYO 11905 AON OO
13Ul TINTLHOR" 1 $30 | . reenny
AAVE Y30 | :.....25.:.&: u....,._wwo
oy wavsd | csauom wy enig avINLT
SON_LOYEINGD 4IL0M ISINBIMLO 533N g6 3IWI
| 8 NO11d)¥3530 HIGRAN_tuvd]  WAL) ;
- | ZOQEXXEMBLOQ _ !
E [ LODEXXENTLOY 2 ,
LE |
”
=1 :
ﬂ —
]
=z
a
g
2
_—— lt.r
> I g U
t
[03A0844Y) 2LYQ P NG 114180530 [T - S o - -
7 TSHOISIA3N _
e




2 & _ v
EL T
WINOLSND LHO 13 HOILYDI Tdd¥
SIIVEOH K MO Q3Sn |ASSY LX3N
ALIALLDY ND1B3G xlw_-._.‘ a._l= GAGTEETHILOY
04N
‘Y0 FLECIRELPY d.
ST uoN) THTRVIE T3 TON 00 | .
13vinim $36 | i ’ -mum"“” . i
ALLENTT  yagys | B HONY ey TR 3G d¥ 4wy 01 G3LIAIY 1S WAL
SIWRAN w0 | ceaomt N) CSuon BRI 4008 WY 0L 0313A1Y 'L WiLl
‘ON LOVRINGD 0340k ITINEHHIO SSIIND “3LCH
S — _
ALY KO Ld 19536 YIGHON LY¥Yd| WiL) _
— _ 6005 X XSHFLOQ _ -
g [ 010§ XAERSL0G z _«
z ! 110EXXERDLD ¢ _
,MI | 1o0PXYYRELOE[ o F
o 2 POOFXXYNSLOQ 8
3 ] 500GXXBHILOQ 3 Si'0 IS {9
= z IHLELSHIIN L
=y
@
=
p [
2 2
| 050 W% -
_HU A @/
d a
AGadd v NO[1d143530 | ETH) o
; _ GIS1AY




i Z £ | 4
I 30 ) 133AS[20/8i /5 310 T3040 8 :_am e _
HIANOLEND LHDIIN HOT LY 144V '
19 SRS HALY 3l . { TESY LX3A
XL ‘ON Sed| 1900 30VD nmﬁ ALIAILYY #9130 HEINI g Hﬁﬁ res2LTaNI460
-DaM N . .
D4n | . BN LINNON 3¥0438 SIZAIY OL INGDLIS ANddY ¥
Y A WSy . ¥'9 s UL SLINTH HiM SIHILYY tNoow € |V
ONLINNOW HOLY? TR wgny | SWIAVHG JWOE Jow 0 : §87-3-L1 OL KHOINOD QTNOMS SLYOD K[ ONY 3LYIQIRHILNI
i £39 .t 4w $IVJERS WAR(WATY HOJ L5L11-d-11
LT gags | WMDY TRy WKI38 SIVLIN SHOUNIAS HO3 Sp9-¢d-LL
Tar RO 1 . U SaINYNIIoL DL WYGIHDD GINOHS L¥OD K14
e et I < v AN 1L B LT “POL-L- 14N RLIN IINVOHODDY NI
= i GOHL3IN AYHdS ONISR SIVOD INI¥d ONY $IM)¥d AlddY
‘HSINIA 30H 2 |
o OBNOLLY2141)34S OKIMVHQ i3d
. SV ONISPOH 4W¥7 OL STT0W 2a¥A 3 ||
= ] '$ILON
H _
2 ¥
— I 00071 FI¥IS .
8 !
[-'%
W] 3
= 02" 8
j—
s * 9,
g .
(i-]
S
D bos 6 37v3% J
t
- -
d Q
1d1¥383d L] — ) —
—c Lo — I
_ 2 . _ v




NO I L

(4L

S 1A

143530

“ONIAYS0 SIHL K1 SNGISNIAIG WL 133K 01 ¥
HLON3T QL £ W3L! SHILIND A A78W3SSY LONYISHOD

$8¥-3-11 0L NYOANOD GINOHS SLYOY TYNMI4 ONY JLYIQINYILY!

SIIVIYAS WOKINMTY NOJ L8L1-d-1L

SWLIN SRONYIS HOJ G¥9-d-1)
‘01 WHOJNOD GHIOHS LVOD JMiud
. _ . 'W0L-L-TIH HLIA JDHYQBOD3Y NI
. QOHLIN AYHAS ONISN $1¥O) INIY4 ONY HINIYA L1143y
665 015 T¥H3034 ¥34 (611 "ON IRI¥d JONYNO NOILYIAY 35D
@z;én 3HL Wl C3LON SY 2“_;_“»%3

+§310M

t _ 2 ¥ € . | y
1 40| 13IAS]E0/82 v 34¥0 13W[wree 31¥35 NG _
HIN01EN5. L0 NOL LY TddY
A soozXxzaeLoQ SITVHON "N RO_G350 JASSY. LXIR
?f_ 'ON OMd unou& ALIAI LY NDi S0 HEIR) [l DODTATIAELND .|
Y .
KTNESEY-ES lll. o ioe . ‘y'o JUE AN
v Lindhoo’ “Wanio3a BN % . SIVEON'N k3 | oHINY o5 10K 00 -
it 510NN 30 N ...H_“nm.u” clo'o WIS
WHAVTT  yaaus | WYMOMERE, u.._“..”.u.uo
LIWTIRGNTY  WAYNG | gauond ki .u“.un...___ww.....w.h_
= —— - = SON_LOVHIKOS 83100 35143410 S33TH0
. |
ALO: NO1Ld1¥3830 YIEWAN 18¥d| #ILE '
= ¥ aqawxxvmmﬁaa i "
| & 2 LOOY 473910 2 b
= { : BOOTXA¥39L00 £ N
[k g 6107xxrI9L08 14
IE _ _ ,
N
]
R
g
=
= i
g. .
£ 3 6°09
=
. . 0oL
* )
! ’ m mw.m __E||. m
.0




¥ |Dws NO. DOTEM3XX3000 I.sn |‘“‘|.

_ [ 2 ¥ 3 | b

T30 | L3WS|307¢2/7 3Lv0 i13anee 3135 '
. 3 ‘ Wamo130> - NOILYS1VddY A —— .m% ._HMW.M
J ODOEXXENOLOO Rrist $3TYUON M WO 035N ] AS6V _L1X3N ‘| TI¥LI .oy
[ATH ‘ON_Ohd| 3000 30v) nm ALIALLOV NB1S3Q REINL 1] T ITENNCRG N _
. Y|
HLDNTT ZA0L X 8A X .E X .E Ia...lli-..l._]l. v'o _
HYE SSYIOHERN STIWERN'N HOND _ . ST =
1301l | SHYNGN"N 430 | ! - o0t .
AL go3s | S 03 _ _
LIILMOMY WAYHOD | -ganowr 510 BTIN ) 4 Lt *
‘ON EIVELINGD JILON 151MNINLG $52TNN l*|| |
€l - .f_.nw-m.
. e 1) T —] ..- |
# !
gz17p WS *
| . 602l — . -~
$ 0009 0003 _
_J id- of 00°0f ||!_ _

S A A AT S /A A R R
@ " 072 — b e _ _ _

N-_m_:._a

g2y

& A I s R IS IS IS IS TSI

) om.m& i
. §L28 - SL 26 -
3 1I¥L3 uww,]/\ mm.ﬂl//
50 aws _ DQ%MDQDQDQDQDGD Y AYAVAYAVAV RS we Y AV AV AYAYAYANAY AV AV AV AVAN vl
> Y .. 00t .I_ _-.fl. 68r-1-11 O1 WH0JNGT GINOHS S1YOD: WH1LJ ONY m:.._au:xu._.z._
SAIVIHNS WANLKNTY YOI LSLY-d-11
ST¥LIN SNOYYIS 404 Sve-d-LL

6§’y —— 101 WY0JNOD QTNOHS L¥OZ 3WiBd
“FOL-L-TIN HL1I& 3IRYQHOIDY NI
QOHLIN AVH4S ON1SA S1¥0) LNIVA ONY BIWIHd ATdd¥

'@ §65 Q1S TWH30I4 934 LGIZ( "ON LNIVA IONVHO ROLIYIAY 38T
ONIAYEQ THL NI D3LON SV SY34Y YSYN
L TE TN [ NOILA15830 BT - MY38 X0 SSYIOHIGLY Ilviaauem b
. ;] . _SHOISiA3N : y | -
— _ [ 7 —& 3 | » —




_ o 2 ¥ ¢ _ r
| 4G | [33HS]20/S(/9 31ve 1idjsz1’ 3«8 N0 _
SIRDLERY e KQILY31TddY
"y QODEXXENDLON | SIIWYUON "N WO _g35N [iSSv Ixdnl 005" Y38
Al ‘ON S| 3000 20%D aﬂ LLIALLIY WDE230 AT AR HhOTAYZNYLEQ OmUn ._w...h._n_
' 540
v HIONTY 2/ X_¥/1'X £ X .G | St g ¥°o |
HvE SSYDHEad [T FINONN  WoN3 | Wi :
L i STTYHON 210 ...._.u.m.
. BT wamg | __4.___2‘._.5__“.. ¥n 1238
" FrT— $INY8370L
LLLLLI *EIHORT N1 'SKID WVIALT
“OH bU‘ﬁhEl AILONW ITIRHIMNLIO $22TNR

Gos'0  31Y38
¥ Tivl30

¢ B +

-

— 00 ¢

®870 3R
o 11vL30

¥ |m NO. DOTEM3XX3000 I'm |m .|

00580 _IWIS
g Nvlid

0003
|

rl\w() ﬂ bﬂ

\ _/..I
Wis

w«.}, J:n WA £ AAVA

__a}a

V\.@bﬂ

i

g._.: JLVG [ HO1Ld199530

[

SHOI1S1AZY

Pmbr{qh/\./.h &)

0709 _* m 20°09 !

AN
X i

585-3-11 OL KHCJNOD CNOHS S1YOD TYN)J GNY 31VIQINEILNI
SIWIUNS KARIWATY ¥OJ L911-d-LL
STYLIN SPOYYIJ 804 5¥9-d-if
‘0L HEOANOD 4TNORS 1¥0) 3M1Hd
“FOL-L-1IH HLIK 3ONYGHODDY NI
QOHLIN AYH4S BMISN SLIVOD LNIY¥4 ONY H3W!dd Aldd¥
466 GLS VY3032 ¥3d L61Z) ‘ON_INTYd FONYHO NOII¥LAY 38N
OHIMYHE THI NI Q3LON SY m¢umq HSYH

‘HSINid T2 -

NOLLDILONd AN HOJ Q3LYIHL 3@ a._:o=m NS
2,021 LY HIHOIH ¥O ISH-57 HIONIBLS TV 1831¥H
£6¥1943814 NIS3Y Ax0d3 .E_xm_.wlu_.o:

4 £ | _ v




_ _ Z ¥ € P
1 30 | 13308]20/81/5 310 T38[erei 2135 I _
= »In0iSND Lt HOULYD TddY
10 ODEXXEINBOD LERLE LN NO O3S0 [ASSY LA3N
AT ON_9K0| 2000 39v3 RLIATLOY 81530 HEINI T ZOAIRIZALIN.
2 §8%-3-11 01 NYOINOD GINQHS S1V0I T¥N)3 ONY IEVIQINUILN
¥ L.t ___vo LE LN $I3¥3UNS RNIKNYY 803 L§L(-d-1L
. pumwt  yow | DHIAYRQ FIYOS Low 00 S1V134 SN0YEII 04 S¥¥-d-11
Fun T YT TR A 101 HBOANOD GINCHS 1¥GD INtyd
Wyt yeyws | YWIERT, amidde . CROL-1-TIR HLIA IINVOHORIY NI
e | gt s us SSEL AL ST Y e e
N jovuiNoy | GRON MmO Simn : SHIAYEQ JHL NI GION SV SY3UY Jsv
|
§1¢ TI3LY SSINIVAS WIHILYN 1
, ILON
- #
@ |
- 000°2 3T¥2%
2
- ‘ { 08§
el _ —_— i
=
z . L
2
w gy & '
= |
» 2+l
3
- 1§ ST
f ) m - |/_
1
X [
00" | w @. _
: “
_.m.m._au\ 4
00" 002
q 0
NOI Ld 187830 [TH] ~ .
_ _ 2 ) € 7




¥ |an KO. um-suamuoz_lu. |m.]-

_ 4 ¥ £ _ v
1 30 1 13345]20/52/y 31V 138[ms-1 31¥98 ETH]
wino15n3 - NOLLYDI1ddY
...r_.._ _ ‘O _S#Q) 3000 38¥D _.am_ t._w.ww.m_.o_.ﬂ__uua ALIE] ] : % 687-3-11 0L HEOINGD a.__._m*wwd.wwmmu:mu_?__m#mznOmpHmmmzmuﬁ_
Dt TUSIYLIN SNOYBIS ¥OJ S¥9-d-1il
T4 9 Y0 LRINAYINL Y
— _ :QL NEOJINOI QINOKS 1¥0) INibd
oFed ErERYyou | 9NNV TWO 104 00 “POL-L-TIH HIIM 3ONYGHOIDY NI |
L siwenn s30 |  ase “f RN GOMLIN AYHdS ONISD S1VQD INIVd QNY HIH1¥4 ATdd¥
WRATE xagns | WORSIYTRL T §65 Q15 TVH3IQIL Y3d L61Z1 ON LNI¥d IINYHC HOILYIAY 3SD
TN WVH0 | sgmont we “aeid o) ON IAYHO 3IHL NI QILON SY wm__ﬁ _um&
gn sovuingo | 0K SRR IO ¢ 3198 18 T3S SSAWILS WA (1,
1:8316M
. ® t
¥ 0] " e foore e Ml
!
00°Z
A g
i e 07}"
" =/
- =
§L°0 3738
1
| 3
_
I
m
! |
|
- — —— — ——
_ |
]
_
]
_
!
_
] '
|
T Q
Z : + ¢ | v




&  [9%6 Ko. DoT6H3XX3003 [s 1 [mer of

\ 2 ¥ 3 ! v
[ 30 | L33HS[€0/02/S  3Lv0 13d[ee’s 31998 K0 )
5 L aNOLED aorse|  NOTAY3114d¥
] BOOEXXENBLDT (3 SHIVHOH M © 155Y LLIN
[AdY . "on_owa| 3005 39v3 K] ALLATLOY K21$H HEINIY. T . :
— ] L 0 o3 Ot s o e
0d 8 ot e e ANINLYIVL 31V e
g sty — : : SIYLIN SHOY¥IE H0d §¥9-d-1L
iZovA 0 Dreao) _yony | WUV TWOS JOK S0 :01 NEOJNOD QTNORS 1¥0D 3WIEd
SN 539 | HiLE “FOL-3-TIH RiTK 3DNYQHODY NI
TLUN'T yagud ] 71330 . QOHLIW AvHdS ONISR SL¥QD INIVd ORY YIMINd A1ddY
e g B s s S L8 SN e oL B
' g | a3 IFINNINGO ST ! : - : !
ON 10VANOD | QION 3T1NNIMO ST . o CLiRSINIA R
§1€ 133LE SSIWIVES TTYINILYR °)
: L ILON
. L |
¥
00°¥
. 057 o8 1 3T¥IS
i A
05" @
STl Y.
. _ e e
| LY
1
_m:.u ;
N _
_ - N !
!
w
| !
0o'g  SEE #
[
i
!
o A _
t
f
E
1 L L
1
PYFRLEL] N 74 _ _ . _




: ¥ £ v
w0 ,
A e B £
SITVHOR N WO _03Sn |AS8¥ LXaN _
A1VAI13Y WDISIO HINL FIT] HOZTAZASLI SI¥LIN SNOUYIS HOJL -Sh9-d-LL
‘9N o *01 WYOINO) GINCHS LYOD INIHd
pumiens (5 $1Y0D LN 194 QHY HONTSd- L T4y
: S5 168 AOHLIN AVHAS O :
MR gow) f  COMANRO TIVOR B $66 G1S VY3032 U3d L61Z( "ON LNIVd JONYHO NOILYIAY SN
A0 e, el OHIAYHA 3HL NI 310N SY SVIUY ¥Sv
JUATT  ¥93ls | WETRTS quuu“nw.u_w“ SN "2
IIVLNTT wmvag P . d ‘HSINIS
ox Toveino | 4dioh imImio M 1503 WAV S HgRLL|
- ¥ SLG T8
g | _ |
2 | _ _
5 . L [
=4 :
= | |
z | |
2 J X
s
e| -
=
* -
J 950 IWIS
d
CIACHIAY) —¥G F NOTLdi82530 T . T
T SROISLA3Y — L _
_ p— . . t » N . ) } ep—




_ _ | 2 ¥ ¢ _ b
1 40 | I3305]e0/6¢/F JEVA 138]s0i'c JI¥IS I _ .
YINOLEND 081N NO1LY3HIddY
i SO0EXXENSL00 SIIVHON N KO 0380 [ASSY N
A2¥ oN oMD ALIAILDY HO1230 R HLIF] [0 RS
e om -
Y Y0 ANINLYTHL
38N HIOHHIND STIFRGN'® . WON3 ORIAVHT 31735 108 GO
S31LEL $TIVBON K 53¢ | e A .m.mnn”
WHIOT_ 333MD | _____.___o.?_..w_n\.: puateh - .
IRLON Y WAVEO | -quont Wi swid UaRd
"GN LIVHINGD GRION ISINEIRLO SEIIND '
! s
|| ]
o | 1 )
.
.-ﬂ1v.v.
=
~) .
W - i
=
=
g
§T'0 3T¥d8 '
£
> o 0595 _ |
= e — - — e e e e e e e e — - —c—1
9 _
f
44y-3-11 o._. HYOINOD GINOHS SLVWOD F¥NIS ONY 3LV IQ3NYILRI
$SIJVINAS WRNIRNTY 803 LGL)-d-14
STYLIM SNOUNIS HOd SPe-d-L)
01 NHOINGD QIROHS 1¥O2 INTHd
. “FOL-1-T19M HATR ATNYQHOZDY NI
d - QORLIN A¥8dS SNISN SLYOD LNIYd ONY HINIHA A7ddY
’ 565 QI8 .Emunu,.._ ¥3d L6121 "ON LNI¥d IDH¥HO NOILYIAY 3SD
 OHIRYEQ 3HL W1 QILON 8¥ mxwz: HEYN
‘HSINI S "2
. . ao.._ 341d 88¥1043414 SV ILHILYN |
TR0Ra v - NO11di183530 TN - . “SAL0R
4 ) NO1S)AJY _ :
m— i | 7 e c l o




| g ‘ £ 14
T30 T 133H8] 207877 3Eva Tiu[s T 3 W5 o ] vonvore
| “BO0EXCAENOL00 SITYEON'N HO @380 [ASSY LX3K
Al ON Bud ALIALLIY NS|520 PRIV N I T WO
.QF
r M- LHINLYIYL y
4 ANV HIDOULNG T TN e R ¢ AW
LAY S3VI0N'H 536 | o m./. .”..m:”
ANT 33wy | MR, - Tei 230
IRCRNTY  NAYNE [ sakaur eio W] 05° 1
“ON_J2VaiNOD dILON FSIRYIMIO SSTTHA
' 5
| E | 251 s
g f Pl
2 P
= P ,
= e -
= g g’ D0°SE
=
: |
£ Gz 1 g 2%& T TTTTTTTTTT
g \ y
681
Z 3w
007
U .
$89-3-11 OL WHOJNOD Q'INOKS SLYOD T¥N13 ONY 3I¥[QINYILNI
SIOVIHNS WANIANTY 804 LSL(-4-LL
SIYLIN SNOBYTS 403 S¥§-d-L1
0L WYOANGD GINOHS 1YQY 3W|ud
POL-1-TIN HLIK IONVGHGDIY KI
a OOH{IN AYHQS ONISN SIVOD INIVA ONY Y3NINd ATdd¥
655 (LS 43034 ¥3d L6121 "ON LNIVd JONVHO NOILYIAY 350
"ONTAYS0 3HL N1 QILON SY SYJuy RSYA
. ‘HSINTG "2
§1£ 133LS SSIINIVLS ¥ IBILYN)
T3A08adv] 3iva | — N0l 118830 i : - TsaloN
TOISIAIN .
~— Z £ - £ | 2 x

pra—




_ ] ¢ ¥ v
0 | LIRS[20/82/y _ AL¥Q 138[osst 31¥I5 NG — _
1 ) ‘ HINOLSND 109138 NOI ¥ TddY
LOOEXXENSLO] _Au SITYYOR'N RO Q350 | ASSY 1X3N
- “oN o A11A110Y N1530 REINI o DE0TTNINELO0 . .
“94m | 58b-3-11 Of WE04NOD OINOHS S1¥DD TYRIJ ONY ILVIGINYILNI
¥ ) Y0 s Y E S$IIVIUNS MANIWATY 8O3 1G1)-d-11
1 1H04dns SNvld SIWEN N PIE] DHEAYED 37¥0F 10k 04 SI¥LIW SNDHYIA BO4 Sh9-d-LL
au T 539 e -fenae T01 HBOJNOD GINOHS 1¥0D 3nidd
e Y, Seni33d . p0L-L- TN HLIM FINVOBOIDY NI
22042 4 TR ramriaet QOHLIK AY¥HdS ONISA SI¥OD LNIVd GHY U3N1¥d A1ddY
LINN]_NAYND | -s3m00) Wi CSHEG BYINID §6¢ 015 V3034 ¥3d L6121 O LNIVJ JONYHO NOILYIAY 38T
-0k JOvBiN0d | UIION TELAVINIO SRITM . _ ONIAYHQ JHL N[ GILON SY SYIHY nS¥A
S HSINAA 2
91§ 133LS SSTINIYLS IWIHILVNI
= | o ISILON
w| - 006
| 3 |
3 ! i |
w, . 002°Y A
= ¢z |
=
D. ]| 11 11 | — *I
2
2
_. .
P . 43EHL SE1° =
! T1 | ¥
!
_ _ ,Q
1 3WIS — 3
!
, _ | 00°
hap * |l .
| 087
-
1 fd/
..%n _ A —gZ'Y
11 " 11 11 / mN. ﬁ
1 .
D bt om ' —
4189534 1811 - '
a3 L~




_ _ ¢ ¥ | y
40 1 _1I3INS[26/82/y A1V 13wt JT¥IS NG
_ : 9] LELLTE R LI NOILYDady 62F-3-1L DL WHO4NOD GINOHS SEVOD KIS QN¥ 1Y IQIMYILNI
1 BROENAEWSL00 - ) 5 STTVYON'N [] ASEY LY §30¥JHAS KANIARTY WO LSIN1-d-11
[ AdY "OX DNQ| 3003 28¥D qw ALIALLY NSIS30 HE1NLL [1]] LTI SN SNOHYIS ¥OH S¥9-d- 1L
. _Gam 0l WHOJNCD Q1A0HS 1V03 IMiHd
Yo ANIMLY L - "YOL-1-T1W HLIS JOHVOHOIDY NI Y
v 2 13904dNS 3NVHd SAWEN K 2ON3 BHINYUT 3T¥I% A0 OO aoHLan p._:am GH 1SN $1Ved .r.z_¢¢ mz.g.. va_‘_un__:ﬂaw_m“ .
115l : T ~reyEn’ G665 QLS TYNIQ3L HIL LEIZ1 "ON_INIVd 3ONYHO RQILVIAY .
- L i, ONIAVHQ THL N1 O3LON SV SY3BY NSVH
WLINTT  yaaas | POORYaET, camrn 3 i ) ¥
men)  wavgg | - L o ‘HSINYd "2 |
"N 10V¥1N0D “w_h..ou“_-ﬂ-u“nﬁ N 91§ 13315 SSHINIVLS Jfg..m.mw_nmp
SR
H o0%
| & .”‘
2 | : " 0
3 1 t I
.m-u.v .
5 B i d
" b - e
b=t |
a [ | |
2 )
F3 1 \\ \
= |
o
> ) .
. 2
2
{ IS ,
a
g
IA0I3dY] 3ivd [ — NO1Ld 140534 [Ty —_ : —
e T SROISIAGY _ _




¥ |nu_s 0. DOTGM3XX3009 |ur|aﬂrl

5

[03A0U4IV] 31¥0 .

} 4 ¥ 14
I I ERCH Y NG .
13343 ] M sns o] MOHIVOI4aY
E000ENaL00 SITYLORN WO g3sn [AESY LXaK|
.,wu ON 9mg ALEA)IOY NDISIT einis ™ he | o |-
"Bl
¥°g. JLELINE]TY ]
MEOVAS LHOT : _ " SIIVIBAS WONIRAIY ¥OJ LSL)-d-11
s - T e il 101 WHOINOT OINONS L¥OD InIYd
— UL T N ey “POL-1-11H HLIA IKYQN0IDY NI
M yoqp | YURHATRTS  molo ONILYOY OK1ZIGONY A1dd¥
Dok KAYHO | ‘sauoMe N CSWID-EeINE N CIHSINIG 2
oW _LoviiNod | TAON ISIAN3AIO STTA 19051 WANINATY ST LE3LYH |
‘ J-
2 16" o tar $'Z 3WH
8 1G
| | _ E
_ | | m _—
f | } #
60" L
I wm .Nﬂ J




¥ |Du_s HO. HOTEM3NX3010 '|'m |m||

] Z \ 4
| 40 4 L[IIHS[20/82/v  31vQ 734[esez 11¥3S ECTOI ;
. U yINGLEND FULIELY NONLYII YddY
| GOEXXENSLOT | S1TVEON "N RO mmmm [TSS¥ _LuaN
[ 438 . © "ON BRQ( 300D 3BYD —u%‘om ALIAILIY NSI£34 HEIN)J o THO2IEZNALOD |
Hn..._ﬂ. “B3M |
) IS -] ANINLYIVL
IADE BV .l.__nlai Twerx gom) BRTAYES TIV35 10K 00
Aunl G SN A §30 | <t _\._/ “enxs . .
utant  wogwy | NIRRT mioa S0V JUNS HONINATY HOJ i6L)-d-L1
TN T Navsd | csaene ke G NTam (0L WHOANOD QINOHS LYOD IW(¥d
o ] SRk B
o THSIK14 "2
) | 4091 WANIKATY TIVIMILYN ¢
# ‘S3i0H
_ :
! £ 308
0z 1@
2 3798 4-QVIYHL & - B7E | HLINK SL8°19
66"

TIA084d¥] 31va

133534




. _ | Z ¥ _ y
[ 30 ( 133NS[20/8¢/F 31¥Q 138[ewe't 31738 e _
WINOLEAD 4401 3 NOIAYDHIddY
k. HoEXXEWSLog SIIVHOK N RO G3Sn_J£55Y L% 3H|
L] LI ALIALLOY HOI§30 HEIW) 4 W[ rEozaningLe |
T
" : o ININLYINL B9F-1-11 0L WHOANOD QINOHS SLYOD TYNIJ QNY 3L¥IGIRYILN
v H6NVd Q3aVIEHL SN 5ow3 | WNTAVE] 3TV Low 00 _ C $IIVIUNS KOKIWNIY 8OJ [SL1-d-1L
LT S n_ s3a|  -re v et ‘0L WHO3NGD QINCHS 1¥0D W) Hd
Wi T yodus | YGRS, wkiddo N o YOL-L-TUN KL AINYQEOIDY N)
e s s SRR A0 SR A e
;o8 sovuunop | 010K 3518¥3Mi0 FeIMN | ONIMYHQ 3HL N) OILON SY SY3MY YSVK
. ¢ W3S SHIINIYd OL ¥OI¥d 9HiLYDD oz_:@mw.ﬂzxn_n._w
i (5091 NN IKATY :IViY3LYA" |
e TS310N
Kn :
- i
[ & ﬁ _ N
= f : DT gy P— 9
2 _ .
g | |
s i | : |
= v B L
g .
w0
_.MI I 20 ¢ 1
* -
Y-0VIYHL 9 - 8/€ | HLIA SiE° (@ -
2
¢ 1S
—
..-..rf..lf.r.-l.l\\
a
BN NO11d187530 7N - i - —
_ SNOIS LA3Y




— 0000'cy

2wa NOILYSIVddY
HWOLSN AHOIIA |
10
jn38 t.ﬁ—ﬁ.ﬂ:ﬁﬁm HEINL %g
“pan —
I WD en INSYINL
DBy [ Wl 31vas 1w o8
TGN —ta s
BN AV | gaecer Wi st YA
TN LOVHINGD QA108 ISTANMAD £330
1
.IWI. - 1 _
_ 000'T 3WIS,
12|
D
—— [ 206'T —
T




Appendix C
Cut Sheets



§'ynaform Shapes Availabi

pofle . Seen) - - 1O OR v v Profte
Equalleg |1x 1;:] . . . 31
Angles  |11#4x18 ' 23 are 1x 118 s | 32
e 11722316 . . 37 ?ucgle 11/4x 18 41
1172 % 1/8 s | . . 3l 11/ % 14 88
2x 1/ . . . 43 112718 . * . 54
1 x /4 . * o | ol 112x 1/4 . 08
3 x 3/8 ] ) » 1.65 ' 134 x1/8* ) . i)
$x 174 . . o | 141 134 x1/4* |- e | 110
4x3/8 . . * | 233 2x 1/8. . . . 59
4%.172 . - - 2.92 2x1/4 . - . 140
6 x 38 : 3.H 3 iﬁ:x?gﬁ * . . 1. ég
& “‘2 * - - 3 2 % 1/8 - ™ . 3
* 30 21/2x b4 1.79
3x1/8 1.12
3x 14 .o o | 215
Chonnel |2x9/16x I/8 . . 13 4x 14 . . 293
% x 773 T im . 77
x1z l4 » 87 -
dx 118z 14 I IR S N Y Round W = . 04
4x13/8 2316 . 36 Rod 38 _ . o
6x158x1M . . » | L6 1 . . Nyi
6x1[1/16x3/8 " . 232 S8 . . 7
Rx2WI6% 38 . . « | 330 3 . | B
10223 x 12 . . - 5.65 }'3“6 . . ég
1 s . 108
| Beam 3xiU2xt J 111 117 . 1.56
e AEAE:
x3z . 2.33 _
: ) 6x3x38 3.9 Square 1x1 . 87
e gxdxB - . . 446 Bar 11/ x 1 L 1.31
dxdx12 583 - 12z 12 . . 1.58
}g x-.g x?g 5..7?
5 741 . .
12-.: § : 12 8.97 Flat 1/8x38x 96 . . - 1.14
IBxWEx41R 212 848 Sheeat 16 x 48 x 96 . . . 1.7
24 %38 xT L2 x 34 16.47 : 1/4 x 48 x 96 . . - | 234
_ 38 x48.x 96 . . . 334
) %{28 x 23 X % . . . 4% -
Wide 3x1/4 = - - 1. %48 x! 5.7
Flange 3:4214'4 . . . ::,?3 34 x 48 x 96 6.94
Beam 6x6x1/4 . . . 3.41 1x48x96 117
» E
g :3: i\ 297 Concrete fx112x14 . 1:00
102 10x38 878 Embediment | 112x11/2x1/4 « | 110
10x 10x 172 11%! Angler % : } H:% x1/4 : 1%_
12x2x12 13.65 1xiie s
%’g;‘gd 18 o 3 Toe Picte. | 4x 1/Zx1/8* . a9 b
. 1i2x18 . . A5 :
112x18 . 79 Thredded 3/g-16 UNC . 0
13/4x1/8 - A7 Rods and 12:13 UNC . 14
134114 94 Nuis 5/3-11 UNC . 1
2x 14 ) . o | 112 3/4-10 UNC . 33
3z 14 : 1.68 1-8§ UNC » 30
10 = Isophthialic Polyestar Fesin/Olive Green « tacked Hem
ISOFR = Isophthalic Polyester Fire Agtardant ResinLight Gray * Stocked in yeliow
mlwmmmﬁmm t {S0)- stocked in white, VEFR in gray
!
. ) .H_
_,_J'



Typical Coupon Propetties

g m— — _

Below are test results for typical coupon properties of Dynaform structural fiberglass shapes and threaded rods and nuts.
Propeitics are degived per the ASTM test method shown. Synthetic surfacing veil and ultravioles inhibitors are standard.

Dynaform Shapes

Mechanicnf Properties

R ©liysical Properiies ~

45

Tensile Stress, LW - D-638 psi 30,000 Barcol Hardness D495
Tensile SIIE_SS,__CW D-638 psi 7.008 24 Hour Water Absorption | D-570 To M2X .45
Tensile Modulus, LW D:638 | 10%psi 2.5 Density D-792 Ipsfind | 062-070
Tensile Modulus, CW D-638 105psi 03 Coefficient of Thermal
Compressive Stress, LW D-695 psi 30,000 Expansion, LW D-696% 108 .in s oC 8
Compressive Stress, CW D-695 psi 15,000 . -
Compressive Modulus, LW D605 | 10%psi 25  Fummability Properties - - ASTHE- < Vol
Compressive 'Midwurlus; cw 5295 106ps1 1 . Tunnel Test* E-34 ‘Flame Spread | 25 max
F.lexuml S_.tress, . ' / 90 P&‘f 30,000 Flammablhty* =1 D635 Non-
Flexural Stress, CW B-790 psi 10.000 burning
Flexural Modulus, LW D-790 166psi 1% : — -
Flexural Modulus, CW D-790 lﬁz-pzsi 0.8 Electricat Propertiess 110 T ASTI o
-Moduﬁ -c:gf lEIasuuty_. E Full Section 13__61355 3:50 Arc Resistance, LW D-495 seconds 120
Shear Mocylus _ 10%pst i Dielectric Strength, LW | D-149 kvfin 35
) Short Beam Shear D-2344 psi 4500 Diclectric Strength, PF | D-149 volts/mil 200
./ Punch Shear D-732 psi 10,000 - Dielectric Constant, PF D-150 @60hz 5
; Notched Izod Impact, LW D-256 |fe-bshn | 25
) Notched Izod Impact, CW | - D256 | ft.-lossin. 4 LW = Lengthwive CW = Crossivise PF = Perpendicular to Laminate Face
| : ; *Partains to ISOFR and VEFR only
) Excdudes Raund Rod and Syseere Bar

Dynaform Threaded Rods and Nuts

8 Diometer - Threads.Per [nck _ - ASTMT | UNITS FEIGUNG . 12I3UNC SEITUNC

Y&TQUNC  T-BUNG

| itimate thread shear iising standard ﬁbergius mat Ibs. 1,200 2,400 1,600 4000 | 7,000
Ultimate transverse shear-double shear B-565 Tbs. 4,200 7,400 11,600 17200 | 27,400
Max. design transverse shear-double shear — Ibs. 2,100 3,300 4,500 7,500 13,500
Ultimate compressive swength-longitudinal D695 psi 47,000 50,000 50,600 50000 | 65,000
Ulkimats Bexural Stiength D790 | psi | 66000 | 66000 | 66000 | 66000 ) 66000
Flexcoral Modulus D796 | 109t 2.0 20 20 25 275
Ultimate torque strength using fiberglass nut : .

Iubricated 20 with SAE 10W-30 motor oil — f.bs. 12 18 30 75 100
Dielectric strength D-149 kviin. 80 80 80 0 80
‘Water absorption, 24 hour immersion-threaded D-570 % max .3 0.3 03 0.3 03
CoefHcient of thermal expansion-longitudinal | fodinrE | 60t | 6xi079 ex108 | 6x10% | xio®
Max. recommended operating temp.-based on 50% . _

| resention of ultimate thread shear szength _— o 212 212 212 212 212

| Stud weight —_ lbs/ft 087 143 333 560

) Flammability D-635 — e e -afE_:&uishmg Tor Gl = e i

‘]Coler —_ _ ‘Gray Gray Gray Gray Gray

Appropriate safery factor myist be épplied to oll ultimate values
Dyndforn Threoded Rods and Nuts are Class. 1 flame. rgmrdmr virtyl éster, Standard lengsh of threaded rod is 43",



J7USINCE 1897
P. O. Bax 733, Newberry, South Carvlina 29108

Phorse (800) 800-9008, Extenision 321
. FAX (803) 2768940

MECHANICAL PROPERTIES COMPARISON

MATERIAL: IXPultrusion  Low Carbon Steel  Aluminum  Ponderosa Pine  Rigid PVC
Spet;iﬁc ‘Gravity 20 7.9 25 0.42 1.38
ASTM D792 -

Density 070 - 0.29 092 016 052

jm D792

hductivity 5 460 1200 0.8¢ 1.3
ASTM C177
Coefficient of Linear 3 8 13 2 37
Expansion ASTM D6S6
(x .000001 )
Tensile Strength 100,000 27.000 30,000 420 8,200
ASTM D6&38 '
Tensile Modulus 6.0 30.0 100 . - - .39
ASTM D638 '
{ x 1,000,000 )
Flexural Strength 85,000 . 28,000 30,000 15,400 11,000
ASTM D780
;. Jural Modulus 6.0 30.0 10.6 1.2 35
.. .TM D790

1,000,000 } , .



EXTREN® Fiberglass Structural Shapes and Plate
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- Designing with EXTREN® M5l
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Page 1 of 4

EXTRE

FIBERGLASS STRUCTURAL SHAPES AND PLATE

EXTREN® is a proprietary combination of fiberglass
reinforcements and thermosetting polyester or vinyl
ester resin systems. It is produced in more than 100
standard shapes with all shapes having a surface veil
to protect against glass fibers penetrating the resin
surface in service and to increase corrosion and UV
resistance.

EXTREN® Is offered in three series designed for
different environments and applications.

. "SERIES 500

An all-purpose series utilizing an isophthalic polyester resin system with a UV inhibitor. Color:

Olive Green -
SERIES 525

An all-purpose series utilizing a fire retardant isophthalic polyester resin systemn witha UV
inhibitor. Color: Slate Gray (plus certain handrail and fixed ladder components in yellow)

SERIES 525

A premium series both fire retardant and highly corrosion resistant utilizing a vinyl ester resin

system with a UV inhibitor. Color: Beige

Go to the bezimning of page )’17465 :
Features and Benefits of EXTREN®  “*5 A%
T.0.8

« Corrosion Resistant O 0 .

+ Non-Conductive Thermally and Electricaily

« Non-Magnetic Electromagnetic Transparency Thioefree

« Lightweight 5

» High Strength

+ Dimensional Stability - Re7 - g'ﬁ - 0072

Low Maintenance 1 — _
Bong Lol fod

e ate~ (95 TG F L

DEMCN

e

The EXTREN® Design Manual, developed by Strongwell, is the most

Aol Ged T



Stwrongwell-Fiberglass; Urating, SOIYHICr LONCIEle bAks, LA

' STRONGWELL

The World's Largest
Pultruder and the USA's
Largest Polymer
Concrete Precaster!

a4l

o _ . Terms and Conditions
4-Strongwell's History #-DURADEK® Standard
. #-Divisions #-DURAGRID® Custom
4-Key Personnel @ DURAGRATE® Mo!ded
1SO-9001 Certified Puitrusion Facilities #What is Polymer Concrete?
<p-What is Pultrusion? 4p-Features of Palymer Concrete.
& -Fiberglass Structural Fabrication | ¥
4-EXTREN® Structural Shapes & Plate QUAZITE® Utility Products
-DURASHIELD® Foam Core Building Panels 4-Boxes
<4 Custom Pultrusions @-Pads -
4 SAFPLATE® Gritted Plate 4 State DOT Approved Products
- SAFRAIL™ Handrail & Ladder Systems
-9-COMPOSOLITE™ Building Panel System POLYCAST® Drain Systems , .
4-SAFPLANK® Planking System @-Residential Drain
-4 DURADEK® / DURAGRID® Grating #Industrial Drain
4 FIBREBOLT® Fiberglass Studs and Nuts 4-High Capacity Drain
4p-Fiberglass Baffle System
Speciol Market Produdts Mochinery & Licensing
<-Offshore Oil & Gas @ PULSTAR® Pultrusion Machinery
4-Caoling Tower 4y-Licensing of-Pultrusion Technolegy
<p|_adder Components
“#-HoteliMotel Strongwell News!
<4 Driveshaft Components - '
@ Elechric Transmission Poles Employment Opporiunities
<@ Tool Handles ' '
@ Bridge Girders & Decks {eratere Library
Corporate Offices | 400 Commonwealth Ave. P. 0. Box 580 / Bristol, V‘rgmia 24203-0580 USA
540-545-8000 FAX 540-645-8132
e-mail; webmaster@strongwell.com

©2000 Strongwell Corporation. All rights reserved.
Last Modified 12/21/2001 14:20:06 ‘

...-'1" .
[fne 1 1/:08 An

bt fsrman e etrovmaial] rrarvidafairlt htm 3!1{’2002



'Properties

ASTHE | SERES SERIES SUO/S2S PLATE SEMES 525 PLATE 4
TEST miy NS VEERS W VPl Ser iyl 5’“._‘.
) METHID YALDE SHAPES -SRAPES 1975an 476-635mm $5TS.Amm 1175mm L7E-E1Smm  4.5-7%. ‘”'
MECHANICAL
Fentie Sutss, W ) P 36,000 30,000 0o 26008 20,000 ;000 20000 20,000
e Stress: 9 an 7 8 38 138 12 138 13
Tensite Stress, BV cea ps! 7.000 7.000 750 10000 10,900 1.500 10 LI
Wt @3 w3 7 @3 e By ay an
Tenafe Modutot, LV E3E 0 pst 25 26 LS L8 1.4 15 148 15
: e Nmm! 172 1748 124 124 14 Rt 124 12:4
Tensitle Mudulus, CW i) 104 pad gL 0f ar 0.5 L4 i T 1
- 1 Rme in 552 483 2 L1 ] 589 965,
Compressive Siress; LW pags p 30,000 30,0600 24,008 24,000 24,060 24000 24,000 24,000
Rinm? FL bord 185 165 165 165 %35 165
Compressive Stress, EW Dess psi 13000 16,000 15,500 16,500 20,000 16.500 17 500 17500
i WA 10 1w 14 138 w 121 121
Compressive Modolas, LW D25 10 pai 25 25 18 1.8 7 18 8 18
1ER e 12 173 124 124 124 194 T4 12.4
Campressive Midomus:CW DE4S 18 pxi 10 1.0 14 1.4 19 14 1.0 1D
i SR de 588 (313 589 . GRZ Ea8 529 (1]
Fiesuiral ‘Stress, LW 7| i .00 3t.000 25,000 35000 39.009 35,000 Is000 30,800
Wmm 7 biird 241 0 —07 ] 41 wf
Aexurs Siress, OW 0790, psi 10,000 10,000 000 15,000 18,060 3,000 15;00 18.000
i 589 39 895 [lr=3 124 305 m .
Flesural Moduius, LW 75 10 psi £ 15 A1 ] 2 z 18 2 2
: WPH/mm 1 18 124 bk ) EE | 124 348 134
Flesueal Modulus, CW D79 1. g5 1] ] b9 1 14 14 11 14
1o 8 552 621 753 988, 589 7.58 965
Mottalus of Eastety @ toll zatzion 10 pal 28 23
10 N/mE 173 151
j Modulys of BasticRy; W& [ shapés » 4 tull secticn 10% psi 25 25
| W& T shapes > Yt2mm PNy 172 172
Paraies Compressive Shear Stress, LW DO 03846 pei s 2000
i - tirwe n7 m7
Shear Miduylug, tw (B - 10 psi 0,425 cA428
i . SENmm FE1] EA)
Shoet Aeam Shiar, v &2 0TI psi 4500 4,500 _
Wt g 4
Beasing Stress; U ns53 psi 36,000 n.000 72,000 32,000 JTE0 32,000 32000 31000
i 07 =7 206 m zn m 2 1)
‘ Pisksson's fario, Lw. & G303 A 033 0.3 on o I3 nat LE -] =
mavaa 350 an g1 e e ] 320 az
* Nuched od knpact, LY 256 #-4hsfin -] 5 15 W0 10 15 1 10
Ymm 15 133 558 .07 107 ) 107 7
Nokhed lzod Imgact, (W 256 febaitn 4 4 5 5 5 5 5 5
) Smen 2 a4 . -7 81 T 267 267
PHYSICAL
Barcol-Hargnest: 02583 —_ iy A5 @ ] @ - M ' 0 40
24 br Witer Absorption. @ os7o o Max [13 L1 bs te 05 05, 06 a8
Density o7z Thesiet T4 064070 050-0BE 060068 .0E0-068 AG0-DEE 060~ 05060
Wgmm  WTRLM 1T LEELE 1851aE 16618 166188 158148 1.56-1B8
Coutficieint of Therial Expancion, \W @ D36 16 infieF 44 a4 44 i a4 i 44 A4
164 I &0 3 7] 30 10 1] 3.0 50
" Towrmal Canductivity & G BTUHMTHOF 4 ]
wier™%) 5 -

All values. are minimum ultimale properties. from coupon tests sxcept as noted.

@ This ivihue i determingg ftom Al section simple beam bending of EXTREN® structurzl shapes,

@ The shear stress test results-will change radicatly 1f the natched orlentation is aherad, The value in this ghart regresents the test
configuration where the notches are machined paraiiet to the reinforcing mat. For restches machined perpendicular ta the
reinforting mat. this value would be two to thees times [arger. '

G The Shear Modulus value lias Seen gatermined from tests with fofl sections of EXTREN® struitural shapes. {Sée Strongwell's
EXTREN® Désigrt Manial fur turthier Intarmation.)

» @ Value would be 50 if the surfacing veil were not there.
} £ Plate comprassive sitess/niddulus measured edgewise and fexural stress/moduiys measured iatwise.

B Values apply to Secles 525 and 625: :

0 Measured as 2 percentage maximurh By weight.

1 @ Spaa to depth ratio of 3:3; EXTREN® anles will have a minimum value of 4000 psiand the 1AW shapes ate-tessed in the weg,

@ Typies! values because these.are shape and cumposita dependent fests.

W — Lenptiwise PF — Perpendicufar to lamdnate fice
O¥ — Crosswise. NI — Mot Tested - B N
10
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asTH . SERIES o SEMES S00/505 PLATE @ SEIIES- 25 PLAtE &

) T NS s SEAESES 0 W VIR v w :t:"a'-‘-ifr © - r
PROPERTIES METHX! YR SHAPES SHAPES 1175mm 4.756.3%5mm L5-Sémm LT75mm LI6:635mm  45-25dem
ELEGTRICAL ) _ _

Mt Resisince, (W@ D425 secands 2 i
Bielectic Sengin, W D D14 Kdha ] * i * 3 3 35, 35
o 138 138 138 128 13 138 138 1
ik iengt, PF. @ Bi48 olgspmil 200 205 200 LRy [k 250 LA NT
' @
FLAMMABILITY ASTM SPECIFICATIONS
Fammabiity Gassiication (1NF} L84 w ASTM 05017 "Standard Specitication for O The
) - » A5 Speci or Bimengioml Tolerance of Thermosettin
Tutwel Test. B B Max Glass-Heinforced Plastic Puttreded Shapes”. ’
HBS Smuoke Chamber 582 £s0-100 « ASTM D198 *Standzid Definition of Terms Relating to. Reinforced: Prastic
(Typicat) Puitruged Products”. . -
Rarnmabikiy D635 - Sait Edinguishing + ASTM D3647 “Standzrd-Practics for Classilying ﬂeﬁmu Plastic Puftricted
UL Theemal Index ‘Beneric 13rE Shapes Accerding to Compositien”,
British Fire Test BS 4757 Class 1 - ASTM-B4385 “Sandard Practice for Classifying Visal Defetts in Themasetting
Reintorced Plastic Pulruded Products.

Options

Strengwell offers a broad range af fiberglass industrial products. Two other
products often used with EXTREN® are SAFPLATE® and FIBREBOLT®. A brief
description of each is given here. Full-co lor literature is available for each

) product.

| SAFPLATE®

SAFPLATE® fibérglass gritied plate is a fough, corrosion resistant floer plate.

A unique combination of pultruded fiberglass plate and anti-skid grit surface
provides a textured solid sheet flooring that is ideal for both wet and dry
applications. Used in a variety of applications, such as trench covers to contain
vapars and fumes, or pedestrian bridge walkways for sure footing, SAFPLATE®
provides 4 long lasting maintenance free alternative to steel piate for severe, _ _ B :
-gorrosive environments. e R E

s T : SAFPLATE®, a sofid antl-skid flooring, helps reduce
SAFPLATE®is available as solid plate or bonded to DURADEK® or DURAGRID® ” \ ae :
grating. The grit surfaces can be fine, medium or coarse. It is available n 4'.x 8’ warker sips and tiis in both wet and _W applcations.
panels in all standard EXTREN® plate thicknesses: /8", 3167, 1/4°, 3/8°, 1/2".and
3/4". The standard SAFPLATE®is fiberglass reinforced polyester with fire retardant
in a gray color. Other resin systems and custom colors are available upon
reguest.

" FIBREBOLT®

FIBREBOLT® fiberglass studs and nuts are ideal for applications requiring
mechanicat fasteners that must be non-corrosive, non-conductive- and/or
transparent to electromagnetic waves. FIBREBOLT® studs are machined from
puttruded fiberglass vinyl ester rods. The hex shaped nut is thermoplastic. They
are easily assembled with a-standard six point sacket wrench.

FIBREBOLT® studs and hex nuts are availble in diameters ot 3/8", /2", 5/8", 3/4°
- and 1" for immediate delivery. Four foot bolt lengths are standard, with custom
| lengths and partial length threading available on request. Brown is the standard

color. The stieds and nuts have UV inihibitars to provide resistance to ultraviolet
}  degradation and cosrosion,

; - W / :
FIBREBULT® 5 widety used as a replacement for qu’ta'!li_c
fasteniars In structures that must be non-conduclive
and/or transpgrem ta lactramagnetic waves.

11
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i availability List

. STOCKED
Equal Leg Angles [-Beams Round Yabe
1x1/4 Ixt-HEx 1218
1104 2 W16, 4x 2% 1-1/4 x 13
=12 x M1 Bxd%30 t-t& x :ﬁ
1172 £ 1B 2x1X1B 42X
s 6x3x1/4 Goetsi - oh e
25 1/8 Ex3x3 2072 x ti4
33 118 Exaxii - x4
a:":hIIB Axdx1/2 el
A 05X 38 34318
iz MWxEx12 1-1/4 % 316
312 12 3.6 x 12 (Stock 5-525) =383 N6
a1 Wx VB x 412 kM2 134 x 14
- M xUB XTI 1% 1R
1V x 18 =38 %A
E X :;g Wide Flange Beams g—a;:;m
2-: 4 (Stock 5-525) _ ‘{i : :i: 1172 x.140
s s
) Gx8 1
Unequal Leg Angles Bx38 ; :.‘11::'
1-3/4 % 14 x 1/ 10238 (329 5x14
2x1 g % 113_2 .
i L2 Rird X.
Channels o - Gxi
2% 96 x 1B 2% LRy
J 3T xS 10 x INE.
At Plate FIBREBOLT®_
| Sx1-38x1 i Studs and Nuts
g x1-518 % 114 316 Swocked in & langins
2 23163 123 Sier VR VT, 5
Wx 23X 172 (2079 ¥VE g reigrabind
PR XIB ;’;ﬁ _
T2 V2T ook 5:625) T Rectangular Tube
2x7/8x 1/4 58 ex i zx 1
5Ax 1Az 114X T XA
3x1x316 1% 1-58 x4
4x1-1A6x 18 T 202 x A8
B % -1i/16 ¢ 8 jStock $-500, EA2X 12212
. 3:' ggs ‘:;:wm Tadx s
x 2318 x 8xG1 56
Ux 2R ’
1B X 2316 x 318
24 x3x 260

*~3-374 x $8 and 1-3/4 x 1/4 Square Tubes are
undersized 10 altow teRRSCONNG. .

ROTE:. Uniless otherwise noted, all dimensions are in inches and stocked
Jengihs are 10" a0d 20" fosg. All EXTREN® Serles 500 products can be
pratluced to meet NSF potzble water standards-in miswerum mill non
_quantities. Only products bearing the NSF [oge are certified.

i _
BRISTOL DIVISIGN*

, 400 Commenwealth Ave., P, 0. Box 580, Bristo!, VA 24203-0680 USA

(276) 645-8000 Fax (276) 645-8132
*EXTREN® manufaciuring facation

NONSTOCKED

Snuare Tube
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112 1A
2x%178

T2x14

X114 (relicw; Secies 525}
Ixitd
dx M

§=1/4 2 1/8

1-172x 14

-4 x18

-4 x 114

2-172 X VA (Stock YolouS-525)
Iz

3x2A

4238

6z VB

‘Sguare Bar -

Thetinal Gure Clear

74
5T
yr
L
144
1T

Rod -

Thermal Cure Clear
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vE .
Wz
L7l
yg
1308
e

A
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1-ur
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1-E

r

STRONGWELL

150-9007 Cartified Manufacturing Plants

Special Puftruded Shapes™

_gﬁgnuel Feaming Angie
L2xTAZ x5

16T x 322 . 2x2x M
Channel [Ladder Raipy  1FSection
: ;70 X:100% 12100 160 IR THER TN
B75x 05 x 1125 308 ji
1150w 10xitacaz DAt Seclion
379%.128 %1180 x.190 32x1-iax2a g
A3 xA35 1 1367 x 2N
Corner Post 1* 5. with 4 round hole
FHAaxis 175q. with /8" roond hole
Curb Angle 1-1.2‘-51 wm 1" round hoke.
1x T2 “ Stair Riser
1-1/2 % 112 Ay 1477 ¥ 1 .
xiar Ax 12218
(sockedal Top Rail
Chatfipid Division) 2 ¥ $/4 moditied rd, tube
F-Saction -
SW2xx 16 I-5ection
% 1-2x1/4 i/ % 2-4E2 xR
FIatS!rips Kil:k. Plate .
1514 4% %2 £ 316 [Yefow; 5-525)
2X308 tSmex Welowr 329 Slide Buide
Ix N6 2‘1!’2 X 2—1@ x 1M
3 x' " Wﬂ 5'560}
Flight Channel Square Tube
SHEX1B x12xaNE 2155 [Yelow 629}
TABX 1B L ERXING Strat
Flutzd Tohe - $-5/8 & 1-5/8 x 5732
1-14 (Gray; §-525
Foam Gore Planks
452 :
5%2
§x2
Ba2
Custam Pultrasions. -

Strongwed prodices custom puftrusions in many
shapes and’ materiats fof hundreds of customers.

The special pultruded shapes fisted on tis page

e oAy &

partial fisting of dies ovwnad by Strongwell

*Not necessarily EXTREN® spegifications.

CHATFIELD DIVISION

1610 Highway 52 South, Chatfield, MN §5323-9792 USA
(507)-867-3479 Fax (507) 8§?—4I}31

www strongweil.com

_ a1

- ' Eakongwell
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'FRP Structural Shapes "

In Stock and Ready to Go

Angle
1xYs
1Y: %%
142 % Y4
2x'
IxYs
3X
4x'
4x “V_s
4 X'y
6% Yz

Qther structural shapes are also availabie. Physical pmpemes
" sheets, pricing and. ‘availability information can be obtained by

STRUCTURAL FIBERGLASS. INC. (SFI} maintains a -

large inventory of FRP Structural Shapes.

Fiberglass Reinforced Plastic (FRP) Pultrusions have a
surface veil to protect against glass fibers penetrating the
resin surface and to increase corrosion and ultraviolet
resistance. FRP Pultrusions are offeced in three series
designed for different environments and applications,

SFI STANDARD RESIN SYSTEMS

Stanparo PouvEsTER (ST) — General purpose

isophthalic polyester resin, with good corrosion resistance.

Stocked in olive green color.

Fire Retaroant {FR) — Fire retardant isophthalic
polyester resin with a Class 1 fire retardance, with an
ASTM E-84 flame spread rating of 25 or less and low
smoke peneration. Stocked iIn gray or yellow.

Firge Reranoant Vinviester (VE] — Fire retardant
vinylester resin with a Class 1 fire retardance, with an
ASTM E-8+4 flame spread ratigg of 25 or less and low
smake generation. It s highly corrasion resistarit and
capable of higher surface temperatures. Stocked in beige
or vellow.

Custom colors are available for all shapes.

STANDARD STOCK STRUCTURAL SHAPES

-

Channel

2 x%s% Vs
3IxTxV

4 x 1Ya X'
6% 15e X Vs
6 % 11 X s
8 X 2% X s
10 X 2%y x V2

. ¢alling the SFI office or Represéntative.

Front cover illustration by:
Alexander Karther IDSD, ASLA
Industrial Designer and

issociate Professor of Landscape Architecrure

jvest Virginia University

Beanis
IB4x2ZxYs
iB6x3x'%
IB8x4x¥%
WE3Ix3xYs
WE 4 x4xY,
WEOEXEXYs
WEEX6XYs
WE 8x 8x%s

Tubes Flat Sheet
Round 1 x /s /% 48 % 96
Round 1Y:x Ys s X 48 X 96
Round 2 x ' i % 48 % 96
Square 1 x s My % 48 X 96
Square 1v: x s 1y x 48 X 96

Square 1% x Ys
Square 2 x Vs,
Square 2 x Y4
Square 3 x '/
Square'4 x Vs

Local -Re_pres_enta_tivé:

STRUCTURAL FIBERGLASS, INC. .-

(814) 623-0458  FAX:(814) 623-0978
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Chapter3 Ph’ﬁrsical and Mechanical Properties

Surface Veil

Continuous Strand Mat

Continuous Roving

Continuous Strand Mat

Continuous
Roving

—— '_.; -'_; _ \?—- Continuous Strand Mat

. Suwrfade Veil

Introduction To Design With Pultruded Composites

A pultrusion is a composite of several materials and reinforcements. It presents the dpportimity to design
product components with properties to meet specific meeds. Fiber reinforcements and loadings can be
varied to produce 2 wide range of structural properties in the end product.

Typical structural items contain 45% to 75% glass by weight. This composite type is widely used in the
pultrusion industry for determining the standard mechapical properties of pultrusion, and can be modified,
if necessary, for special applications. Tensile stréngths, for example, can vary from 40 MPa to 1000 MPa,
depending on the glass loading, fiber orientation and resin selection.
Fiber Properties
A variety of contintous and woven reinforcement types is also available to the designer. The four
major types are E-GLASS, S-GLASS, ARAMID and CARBON. The primary type used is E-glass.
Other reinforcements are more costly; and, therefore, used more sparingly in construction.
Table 3-1 Typical Properties of Fibers Used in Pultruded Structural Profiles

: Properties are displayed below for virgin fibers, as manufactured.

ir | - EGhss” | SGaass L Arami@ G E30E.  Carben

Density fbs/in’ 094 ,090 053 064
Tensile Strength (psi) 500,000 665,000 400.000 275.000-450,000
Tensile Modulus {10° psi) 10.5 12.6' 9.0 33-55
Elongation to break (%) 4.3 5.4 2.3 0.6-1.2

Fiber reinforcements are avajlable in a variety of single-strand woven, braided, stitched, and knitted
goods, thus adding to the range of properties of the end composite.

_—
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Resin Properties

Determination of resin is controlled by factors such as corrosive environments, temperature exposure,
. ¥
and flame retardancy.

".“-,‘\

s

—

Polyesters are the primary resins used inpultrusion. A wide range of polyesters is available with
distinct characteristics. The capabilities and needs for these various resins can only be determined by
end-use applications. For the selection of a particular polyester, the designer should consult Creative
Pultrusions. s

Fire-retardant polyesters are also available. Fire retardancy can be altered with the proper blending of
different resins. Some of the obtainable results on flammability specifications and tests are presented
further in the Material Properties. For superior fire retardancy, phenolic or other specialty resins may
be used. . '

Vinyl ester resins aré also commonly used in the pultrusion process. They are used to improve the
chemical resistance of the laminate.. Because of their chermstry with glass reinfor?émem, physical
properties of the laminate can be expected 1o increase up to 15%.

Epoxy resins are typically used with carbon fiber reinforcements. in applications in which high
stiffness and strength requirements are critical. They can aiso be used with E-glass to improve the
physical properties. ' ,

‘Table 3-2 Tyi;ic’-al Properties of Resins Used in Pultruded Structural Profiles

1Y Empertyx’xz:\? - Pida Polyester: - - Vimyiester'~ b~ . Epoxy - - - -TFestMethod:
Tensile Strength (psi) 1200 11,800 11,000 ASTM D638
% Elongation _ 4.5 5 6.3 ASTM D638
Flexural Strength (psi) 17,800 20,000 16,700 ASTM D790
Flexural Modulus '
{10° psi) 0.43 0.54 0.47 -ASTM D790
Heat Distortion '
“Temperature (°F) 160 220 330 ASTM D643
Short Beam Shear (psi) 4,500 5,500 8,000 ASTM D2344

Fillers

Various fillers are also used in the pultrusion process. Aluminum silicate (kaolin clay) is used for
improved chemical resistance, opacity, good surface finish and improved imsulation properties.
Calcium carbonate offers improved surfaces, whiteness, opacity and general lowering of costs.
Alumina trihydrate and antimony trioxide are used for fire retardancy. Alumina trihydrate can also be -
used in conjunction with clays for improved insulation properties.

—
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) MATERIAL PROPERTIES

Pultex® Fiber Reinforced Polymer Structural Profiles

Rectangualar Tubes, Channels, Angles, Square Tubes, Round Tubes
Angle profile sizes are 3" x 3" x 1/4" and less.

1500 Series - Thermoset Polyester — Olive Green
1525 Series - Thermoset Polyester Class 1 FR. - Gray
1625 Series - Thenmoset Vinyl Ester Class 1 FR - Beige

The following data was derived from ASTM coupon and full section testing. The results are average values
based on random sampling and testing of pwducnon lots. Composite matenals are not homogeneous; and therefore,
the location of the coupon exiraction can cause variancss in the coupon test results. Creative g_ultmswns publishes
an average value of randorn samiples from production lots.

,563'{’

(coupon valizes}: --ASTM Test ' - ° * Units ©-1500/1525 Serles " 1625 Sexies
Mechanical _ -
Tensile Strength (LW) D638 psi - 33,000 37,500
Tensile Strength (CW) D638 psi 7.500 8,000
Tensile Modulus (LW) ' D638 10* psi 2.5 3.0
Tensile Modutus (CW) D638 10° psi 08 1.0
Compressive Strength (LW} B D695 psi 33,000 37,500
) Compressive Strength (CW) D695 pst 16,500 20,000
- | Compressive Modulus (LW) _ D695 10 psi 3.0 3.0
i { Compressive Modulus (CW) - D695 10° psi 1.0 1.2
Flexural Strength (LW) D79¢ psi 33,000 37,500
Flexural Strength (CW) D790 psi 11,000 12,500
Flexural Modutus (LW) _ D790 10° psi 1.6 20
Flexural Modulus (CW) D790 10° psi 03 1.0
Modulus of Elasticity Full Section’' 10° psi 2832 2.8-3.2
(Chamnels) Full Section® 10° psi 2.3 23
{Square and Rectangular Tubes) Full Section® 10° psi 32 3.2
Shear Modulus Full Section® 10° psi T 042 0.42
Interfaminar Shear (LW)’ D2344 psi 4,500 4,500
Shear Strength By Punch (PF) " D732 psi 5,500 6,000
Notched Izod Impact (LW) D256 ft-bsfin : 28 30
Notched Izod hmpact (CW) D256 fi-1bs/in 4 5
Bearing Strength (LW) D953 psi 30,000 30,000
Bearing Strength (CW) D953, psi {8,000 18,000
Poisson’s Ratio (LW) D3039 in/in 0.35 0.35
Poisson’s Ratio (CW) U D3039 - infin 0.15 0.15
In-plane Shear cLW) Modified D2344* psi 7,000 7,000
In-plane Shear (CW)* Modified D2344* psi 4,500 4.500
LW = lengthwise ‘CW = crogswise PF = perpendicular to laminate face

Note:  Creative Pultrusions, Inc. manufactures Puitex® Stzndard Structural end SUNSrStretiral profiles that meet the
requirements of both the E17 and E23 grades of the new Euronorm, EN 13 706

———t

.kt

- Additional properties located on page 4

r—
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MATERIAL PROPERTIES

Pultex® Fiber Reinforced Poiymer_Structural Profiles

Rectangular Tubes, Channels, Angles, Square Tubes, Round Tubes
Angle profile sizes are 3" x 3" x 1/4" and less.

L

oy
+

(cont’d)

[ Propértys. L . £5 i3 W

- (coupon values) : _ 12 FASTM Test .~ - Units T500/1525 Serfes * 1625 Series
Physical
Barcol Hardnéss' ) D2533 45 45
Water Absorption D370 % Max 0.6 0.6
Density D792 tbs/in’ 0.060-0%70 0.060-0.070
Specific Gravity 792 1.66-1.93 1.66-1.93
Coefficient of Thermal Expansion (LW) D696 10 %n/in/°F 4.4 44
Thermal Conductivity (PF) C177  BTU-wfho°F = 4 4
Electiical
Arc Resistance (LW) D495 seconds 120 170. -
Diclectric Strength (LW) D149 KVin 30 40 -
Diclectric Strength (PF) D149 volts/mil 200 200
Dielectrc Co_nstanl: {PF) D150 @60Hz 52 5.2

. VPultex® uses a symthetic surface veil that reduces the Bacol Hardness, bue does not refect lzck of curs,
) 2 Full section testing based on a.3-paint bend with simply supporeed ed conditions (Reference The Newand imoroved

. “ . _Pultex” Pulrusion Globat Design Manusl, Appeadix B, foe detals).
n 4 Tested on a 3:1, span to depth mto,

1 “Follow ASTM D2344 but motate coupon 907 (cut sectiont of coupon leng:h frces up),
¥ m-plane Shear (CW) vaIucs for square tubes and rectanguldr mabes = 2,300 psi; angles = 3,800 psi

SRR AR ASTM Test S8 Vi et sV alue i
Property 1625
Flammability Classification UL%4 (VO
Tumnel Test . ASTM E-84 25 Max
Flarnmability Extinguishing ASTM D635 Self extinguishin Self extinguishing |
NBS Smoke Chamber ASTM E662 630 ' 650
Flame Resistance (Ignition/Bum) FTMS 406-2023 55/30 (seconds) 55/3% {seconds)

,  Creative Pultrusions; lnc. believes the information put forth in this propery sheet to be s accurate and reliable as of the date of publication.

However, we assuine 0o-oblipation.or liability, which may arise 252 résult of its use, While Creative Pultrusions, Ing, has no knowledge that the
information put forth infringes any valid patent, it assumes no respensiviicy with respect thereto and each user must saeisfy preself thar one's
intended application process or preduct infringes no patene,

-
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Chapter 6 Environmental Considerations

Pultrusions are used in many varied applications. Through experience and laboratory testing, Pultex®
Profiles have been evaluated in a variety of environments. The resulting guidelines should be considered
if the pultrusion is to be exposed to environmental aftack.

Température

Pultrusion experiences some property loss from continnous exposure to high temperatures. It is, therefore,
recommended that property loss be taken into considération during design using the following guidelines
for Pultex® 1500/1525 Series and 1625 Series.

Table 6-1 Property Retention at Varying Temperatures -
. Temperature |- . Pultex” 1500/1525 Series- |~ Pultex® 1625 Series
Ultimate Stress . '
100° F _ 85% 90%
125° F . ' 70% 80%
150°F - 30% 30% -
173*F Wot Recommended 75%
200°F _ Not Recommended 0%
i¥lodulus of Elasticity
100° F (37° C) 100% : 100%
125°F (51°C) - 50% 95%
150° F (65 C) 83% 90%
175° F (79° C) Not Recaormmended 8%
2009F (93° C) Not Recommended 85%

In applications requiring greater strength retention, it is possible to select a higher performance resin
system specifically designed for elevated temperatures. An example is Pultex® 1625 Series Vinyl Ester,
which has better strength retention of properties at elevaied temperatures. Creative Pultrusions can
design additional resin systems to achieve higher temperature ratings. Contact Creative Pultrusions early
in the design stages so that confinnation testing can be performed for various temperatures and
environments to verify suitability.

Weathering

Most plastic materials undergo some-decay and change in appearance during prolonged exposure to
outdoor weathering. In order to minimize this effect with pultruded profiles, various options are
available.

UV Stabilizers

Pultex® 1500/1525 Series and 1600/1625 Series contain a UV inhibitor for protection against sunlight.
It will retard the effect of outdoor weathering, but eventually the profile surface will degrade. A
condition, “fiber blooming”, will occur on the surface of the profile with subsequent slight deterioration
in physical properties.

Thte Weiw-oiid loiioved Piies” Paltrusion Global Denign Masiwal 1
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WORM DRIVE & BAND TYPE HOSE CLAMPS

,_,.LLined Stainless Steel Hose Clamps

Surelok™ Quick Release Hose Glamps

) FExcetiont for se with sificone rubbes and other soft hase 3 Ications
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: Nylon Double Bond Hose Clamps ﬁ
y igmp USA
Lox-On™ Hose Clamps Durble, non-corrosive matarial and paténtzd double raw.of testh design provides fora strong
bond which will ot loogen with vitiration. Easy-to-install withowt removing hose. Reusable

» For extremely demanding instaBatipns; corosion and chemical resistant

= Unique design provides double locking security and high

design can handte most muderate non-hyiraulic pressure appiications.: For temperature manges

-40°F ta 302°F, Made of UL Listedhylon material

bandt tension for high sealing piessures o CampDla M Mo S PPl
» Patented offset buckle providdes full circle seal. Conforms- J Howralfa} Mk} ) P Crderd nwml
10 the contour of the clamped material . e, %  0.220 6276 10]00862004] $3.46
-Seties Bad B Wigh. | Norsg Wierd | 96" Hex Bead N F ;& 33"{3 335% ;g gggsz_mz- 3.46
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4ex Nuts

'D'We. would leve to hear your comments.

H»jm > Nut Type > Size {Inch) > Material > Thread
i .
—ex Nuts

1 }tem matches all of your specifications.
Part Number 94895A031

Nut Type: Standard

Material: Grade 8. Zinc-Plated Stesl
. Thread: Right Hand Thread

Size (Inch}): 3/8"-16

Width (Inch): 9/16"

Height (Inch): 21/64"

4-.To Order this itemn, ‘entér a quantity and click on the "Add to Order” button.
& View this item on its catalog page.
() To change any othier features, please start vour search again.

__LSele_aq to change value

Page 1 of 1

$5.41 per Pack of 100

|_Se'iect'to change value ]
| Setect to change value 5]

ttn://www.mcmaster.com/naram/asn/nsearch.asp?FAM=hexnut&FT 153=23535&FT 123=451&FT 101... 4/27/2002



Lock Washers. : . Page 1 of 1

' DWE would love to hear your comments.
\jgg!ﬂish_e_g > Type > Inch Size > Inside Diameter {Inch) > Material
t-Lock Washers

iz item matches all of your specifications.

Izaur:t‘Nj.lmber_ ?1104!\031- $5.54 per Pack of 100
'_ Type: Spring
,/# Style: high strength spring
=" Material: Zinc-Plated Alloy Steel
Inch Size: 3/8"
Inside Diameter (Inch); , .385"
Qutside Diameter (Inch): 680"
Thickness (Inch): 094"

4--To Order this item, enter a quantity and click on the "Add to Order” button.
¥ View this item on its catalog page. %

QTo- change any other features, please start your search again.

-

y——

W ne/farina, memacter nrim/naramf#cfr_\{nqp'arrh aen?PAM=lackwasher&FT 1 ngﬁhﬁﬁﬁ FT 261=5713&F ... 4/2712002



Flat Washers : ' Page 1 of 1

item matches all of your specifications.

Part Number 98023A031 $3.37 per Pack of 50
Type: Round - T
Specification: SAE

Matertal: - Zinc-Plated Steel

Screw Size (Inch): 3/8"

Inside Diameter (Inch): 13/32"

Outside Diameter (Inch): 137167

Thllckness (Inch): 055 : @ect fo change V-alue_@

4--To Ovder this item, enter a quantity and click on the "Add to Order” button.
¥ View this item on its catalog page.

QTo charige any other features, please start vour search aqgain.

Yl
j—

Hrefaninu mrrmactor nnew fanrarn/acinfacaarah a_cn')t'd \.{:ﬂafwnthrcﬂf}?'f' 13R=INGALET T17=11 ﬁn,ep]:' 4&7/2002



Fiat Washers Page 1 of 1

DWe would love to hear your comments.
> Screw Size (Incih) > Inside Diameter (Inch) > Th:ckness {Inch}
at Washers

_,htem matches 2l of your specifications.

'Parf. Number 91083A040 $2.32 per Pack of 1
Type: Round ' -
Specification: SAE

Material: Plain Steel

Screw Size (Inch): 1-3/8"

Inside Diameter (Inch): . 1-3/8°

Outside Diameter (Inch): ) 2-1/2"

Thickness (Inch): . 5/32"

4--To Order this item, enter-a quantity and click on the "Add to Order™ buttan,

3 View this item on its catalog page. &
QTO change any other features, please start vour segrch aqaln.

’\/’ > { ’
J

httne/fwww memaster.com/naram/asn/nsearch.asp?FAM=flatwashers&FT 158=3094&FT 217=3183&F... 4/27/2002



NON-METALLIC CONDUIT &
: FITTINGS :

NM Snap-in ENT Conduit Coupling

UL fisted.
Size
- NM Female Adapter In. Qy. Mk No. -SKU Price Each
® Rigid PVC Schedule 40 ] _ 172 '5 7022-8 396346 5o
Price Exck % Adapts NM conduit 1o threaded fittings and metallic s¥5- 34 5 0738 396354 =
e teins. Fernale threads/socket, UL listed. ’
M% Size In. Miz. Na, SKt Price Each
Ml o 5140043C 202918 s0.19
Fil} p* s 1. : _ .43
% T 5140046¢ 159921 033
d 12 51400470 722455 .57
2 5140048 w72 877

L L
NM Terminal Adapter
Rigid PVC Schedule 40
Adapts NM canduit to boxes and threaded fittings. Male -
Prwsdusocket. UL fisted, NM Reducer Bushing
Biow In, Mir. No, sKU Prica Ezch ‘Rigid PVC Schedule 40

S140103C 203894 g2 Sotket ends. UL listed.
) 668454 ™ .-

i 5%?3?0 202008 05 Siza In. Mir, No. SKU Price Exch
5140105 160180 0.4t Y4x1/2 51422001 533890 0,49
SH006C 150199 0.51 1212 EISOFR)-GAR 8331z =
51404070 722480 0.51 1x3/4 51422210 533047 0.arF
5148108C 160229 o475 11431 S1422731 534013 117
TWExt 14 5142203 732007 1.39

Etandard Coupling
Schedule 40

Type for faining nonmetallic conduit. UL listed,

oy Mtz No, KU Price Each o _
2 14623 amry $15  PVC 90° Standard Radius Elbow
) o sdaon o856 T Scheduls 40 Condult
81416240, 202888 %19 .
X ES4DER 868557 ™ UL ligted.
! 81416250 158492 8.39 . .
: 81416260 153883 032 Size In. Mifr. No. : SKu Price Each
1 Sasare ;g3 st 1A UAGAG-CAR 16132 ST
- _Stdig2ac 15055 \

~
)

S8

‘Q‘q\\‘

&
R




Carlon’

PVC 90° Standard Radius Flbow with
Bell End

Schedule 40 Conduit '

NON-METALLIC CONDUIT g
FITTINGS

PVC Type T Conduit Body

UL listed. Schedule 40/80 Conduit

_ . UL listed.

Size In: Mir. No. SKY Pri¢s Each Volume -

Ve 52336230 - 703466 W5 Seeh £u In. Mtz No. $KU
3 57338244 703459 057 517 3 1305830 Price bit
114 52338260 117589 g M2 L

1172 52338274 763574 195 1 12 51335650 o 213562

1174 32 51335660 533874

PVC 45¢ $tandard Radius Elbow with
Bell End

Schedule 40 Conduit

UL listed. Schedule 30/80 Conduit

Siein. Mir. No, T osxu Pricatach  U- listed.

kT 5233764 703056 S0.65 Vulume

114 UATAGE-CAR %0178 by Size In, Cu In. Mir. No. SKU

112 UA7AHE-CAR 703705 =~z 4 1326630 450634 .
4 12 1 ! 1%
1 2 51336650 11072 148
1114 k7] 51336661 181128 9
2 32 3 40
2 63 485

PVC Access Pull Elbow

Schedule 40/80 Conduit .

UL listed. NM Type X Round Conduit Body

Sizs In. Mt Mo sxU price Each Schedule 40/80 Conduit ] ) N

2 S240100C 207648 Sigs  ncludes screws, gasket, cover, and mounting faet. Nat

34 52401016 202657 175 dasigned for use with wiring devices orlight fixtures. UL list-

PVC Type LB Conduit Body

ad.
Hob Volume

Size In. Cubn Miz, No. SKU Price Each
TR 15.16 $1336900 390917 54588

o

' i“\ Proud Sponsor of the 2002 U.S. Olympic Team
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;&_ J Su(hj| Hohmam Wasas0 | S9TeeEs Tanges. The 18" bases are 10-gauge steel and the 24~ bases are -gauge.
4 B0 B waso7s | sioreen| ol Both bases fave added reinforcing, leveling Screws and hales 1o oy
-3 | ] AS‘IW £5100 wmm msszg 571 10 floce. Golumns-and basas e mrchanqzabie and ANS| 81 Dovwder
Sy |aswes ES125 [WAS1S | Seoreesr| a3 coal i
el 1% |AS1S0  ES150 |WASIS0 | 54079645  6.83 _
S % asao Estho |wAS2on | sareesy| e Wodga ey TR Gite
gﬁ 2% |AS250  ES250 |WAS2s0 54079550 15.38 le] fa}  Osc | Hillmadn  BeimMie  Hammnd: Wr's? Order ¥ Pricsfa
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g 3 Eg‘m WASE00 ss:g;gg: 3::;: ;i ;g gggs; 3@% SESBASE }m rvigssBASE sq08M48|  sn12

_ pree: 05055 | WASE50SS I SBASE 4SHASE -84
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SR i smsey do e = wiEamANN
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gg’ﬁ 3% |As2005s ca20083 | WAS200SS sdu73e0t| 2108 Screw-Caver Box '

: . Er—— - aﬂdin.aus:MMkrfnmm!mﬂeramrea::dmosm ’
[ ss Hinged Box @ ‘arvironments. Captive staimless steel cover sorews and watk &

'e-rglas g - WIEGMANN téunting hardware included. Y stafidied forindoorfouldoor &
int, dust, oil and watar with Indoor/otidoor fiberglass-reinforced use. Thmadadintegralhushmfmmeinrterrmmlm

ymmmm%ﬁmu?%% " White steed inner panels are optional, ) P IN, |
hardware, latches and padiock hasp. Bas -Endosurasm en free &nd seif-satingui . ST I
n.u:m»:mwwmwmgh temperature and Meets NEMA/EEMAL Type 4, 2Xand 12 speciticatinis e B Y
ve environmenits. Threzded imtegral byshing for panef or . CSAcerﬁﬁedcsLimOm for use with mdustnal £oatrols o=
rquipment.
e e « DR 908 T Type 1. 3.1, 4, 4%, 12ang 13 he
§ NEMA/EEMAL Typs 4, 4X and 12 specifications Fibergtass Scraw-Cover Box -
zerified (RZ1001 for use with indisstrial cuntrols equipment. Tinesns T
8 fisted. Type 1, 2, 3; 4, 4X, 12 30033 A W) Depitpay Wodaam NP Gt Prel
Sakic Hinged Box - Fberglass 5 6 % |ABSACHSCRS VIBGEW | 05987037] 5178
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with Window e
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mmmmmmhmwmm
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m«mmwmmwmmm
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"OUR ONE NUMBER FOR ORDERING, CUSTOMER SERVICE & TECHNICAL SUPPORT 3618




o gy Mg xY €ovsk )
Il Hex Nuts

. \) For information about nut materials, see page 2947.
. Hex (Full) Nuts Dimensions for Hex Nuts—Conform to ANSURASME B15.2.2
! Also known as hex ﬁmshed Strew Scraw . Sciew Screw
nméTm;ea;re ige:g:sl 7 nd Size Wd. HL Size Wd,  Ht Size wa. HL Size  Wd. Hu
nuLs, 1yp v B W he bt W Ve YRe T i . Ty
e e e A e VT Wl o
?nex rgg;ﬁmgi?ﬁgﬁpiaﬁ:ﬂﬁmsh Ak | o TS e RIVRE L W 1 Z’Iu ke B 411-' P
14 S & Specify T 1* e TR 550" T B84 "% j ---“-‘f!.'—.. Pl
screw size. et TR TR, AT TR a1 i
N THLTRELLTRGE 2L T IR JUR - Y '
18-8 by Grade & Zinc & Yellow Grade 8 Grade 8
. Stainless Steel ess Steed Chromate Plated Stos! Plain 5teed Ultra-Costed Steel
Screw Pkg. _ Pkg. . Pkg- ~ Pkg. Pkg.
Size Oty. Per Pk 3 ’

20,100, 51845A029.._$2.90 100, 55804ADZ5... 34.11 100..94895A023.. szm 100_S0458A023... 32,78 100, S38TTAZIT . 5400
Yee-28.-100..81845A105... 3.05 100.94804A305.. 565 100, mssnaos 3.15 100..9DA99ABOS.. 2.84 100.S382ZTAZIS.. 4.22

sf"-18..100.. msqsmzu 4,04 700..94804AD30.. 571 100,.94895A0 S 3m 100, 50495A030_.. 3.9 100..93827A219... 5.7
. .,,. :24.100. 91B4EAT 1S, 4.24 _94804R315_. 445 wu_h__msss.mo._.‘, 4:43 100..90499A910... 4.15 100.93827AZZ7.. 6.00
: T mmuza,,—ré #700,.84895AD31.... 5.41 700..90490A031.. 430 100..93877A225_ 7.78
L-a;f,- o TG 18X — 1. -TEZ 100..S4895AB15.. 6.32 100..SO4S0ARTS._ 5.21 100.91827A778. B2

Tum-14. 50, 91845A300... B6.14  25..84804A330.. 4.55 -100.S4595AR17..10,82 100..90499A03Z.. 11,24 100..03827AZ36. . 14.00

the'-20.. 50.31BASATIS... 7.18  25..94804A335... 6.39 100..S4895AB20..1Z.55 100.90439A320... 9.15¢100 93BZTAZ41...14.89

%793, 50.91845A310... 7.08 25..84804A340.. 4.95 100..94895A873...13.37 100,.BO4BYAQIZ. . 11.20 " >50..9387PAZ45... 9.56

1"20,. 50.91845A145... B.44  20.04804A345_ 578 50..B4BI5AB25.. BA9  50.90499A825 . G.BO 50, DIB2TAIAY.. 10711

%et-12. 20 9T845ANS.. 142 10._.94504A348... 849 50..54595A827..13.27 so.mqss_am..ﬁ-'luz —- —

18, 10918453200 499 .~ 50, 04895AR30..T4.62 50.50A99AS30.. 1222 ..

19 25.G1845A325_. 759 10.54804A381.. 402 25.94895A035.. 7.33 50..904 .10.05 25_g3@Z7A253.. 900

%.1B.. 25.91845A165.. ‘8,90 10.84B04A355.... 8.1 25.94895AB35. 8102 25.90493A835.. 611 25, 93827A255. 9.50

#"10... 20,91845A330 .. $.94 10_G4804AIG0_. 6.45 20..84895A036... 9.53 50.B50499AB3T_ 14.80 20.93BZ7AZ5S..11.91

#*-18... 10.91845A175., 5.92  5..54B04A365.. 562 25..94895AB40..13.03 25.90499A840..13.44 20..93827A267_.12.53

5. 94BDAAITO . 5.6 25.94895A842..13.02 25.SDA9OARAZ_.14.96 ..
5. BAB04AI7S_. B.28  20.-94895A845..713.78  20..90499A845_. 14.92
1. 84804AD3E. 1.56 10..94B95ADIE..11.28 10..890499AB47.. 978 .
1-.91845A203 » _ 5. 94995A850.,70.38 5. 90499A850... 10,63
1.9T8458205. 228 _ 10..94895A855..12.11  10.9D4BDANSS._ 1276 _

a*-T.... L.91845A038« 2,42 1..54803A039« 2.98 5..348951\351... 813 5..90499A857 .. 6.49
1%%1Z.. 1.91B45AZ215« 4.70 — 5..94855A858...10.34 5. 90493A858... 7.36

1.9, ... 10, 918458335
YW-14.. 5. 91645A185...
- . 1.91845A038.

P
&QNNW-
el S R

it

E Ay 1.91845A040s 308 -~ 1.94804A040a 415  5.84855A859.. 11.40:  5._BOASIABSS. 1041 __. —————
AL, 1 9T845A235. 575 _ - 5_94855A860...14.73  5.90495A860..11.63 ..

) V"6, 1.91BA5A04Z. 587  _. o 1..54B9SADM2. 1.90499A042- 727 . —_
13" 12.... 1..94895A863 }...smssnsss- ios . R

Vet
"l

1%R%-12...  1..91845A265- "2.70 —_ r—— k 1.-90495ARE5. 4771 ' :
13:"-5...... 191845044+ 9.83 - o 1..94095A044 1..50439A044> 1783 __ et
1THR-12... . ' 1...94895A858s 231.52 ‘l S0499AR6E. 061 .

2P0 1..91835A045 1124 e e 1..94895A045s 34.00 1.90490AD45. 1124 ...
. 1..D4ES5ARTOs 34.94 1.80499A870« 12.00

Grade 2
Zire-Plated Steel
P“ P"&__"g- aty. Per Phkg,

00 DOATIADZI,.. $1.29
YL YT
T o047IAD30... Z.

47
— e . 5.34

VA6 TSTMSANAT. ESS  T.SA04ADAT. 673  1.84835A04T. S8 1.50490A041. 332
2160

l:r:d'qs

" 24 ...... 100........... 954628515, 3.36
The"- 14..-.. 1000 DSIEZADIL, .
Hhe"-20....... 100
h"13

w1 ; 2.
1h=T1Z, : : .57

- L;rgu-nhmetnr Grade 2 Plain Stesl
: " Screw Shie Each  Strew Size EachSc _ rew Size Each
' Vh"-5. HMBOADET... $268 TA"1Z ... SMBBAZG!_. $634 %40 SIM490ADST.,, $3.79
1412 D0A90AZ66.. 3.40  27-4%,.... B0490A046.. 4.20  2A"TZ....S0490A275.. 14.45
N | 1”5, .S0490A044... 2.94 2‘!-"‘-4_‘& araa BNMS 5.65 4. 9049“055 . 16.53
'1"1'1'-5..._......30_4908035‘..._ 3.63 24"12........90490A273..... 3. 86 a3 I AP mmzao_. 24.16
- » Sald individually. (Continued on following page) -
2950 . McMASTER-CARR
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[[Jwe would love to hear your comments.
Serew Type > System of Measurement > Thread Size > Lenath > Material > Head Style
« pcket Cap Screws

i tem matches all of your specifications,

'1-99 Each $25.15 per 100

Par'l: N‘lin:nber913DGA379 100 or more $20.07 per 100
System of Measurement: Inch '
Material: Zinc-Plated Steel I Select to change value @
Thread Size: 1/4*-20 : l Select to changs valEue_
. d ;
Length: C AT . [Select to change value ]
Drive: . Hex
Head Style: - Button [Select to change value ]
Serew Type: Standard .
4-To Order this item, enter a quantity and click on the "Add to Order* button. ]
E View this item on its catalog page. -
o View a technical drewlng of this item. —
% View a 3-D Model of this item. .
(Q To change any other features, please start vour search again.
. ) s ] e QL“ éme:ég “Cf 7 12 4> /réj
P
o

attn-harww memaster.com/oaram/asn/nsearch.asp?FAM=scs&FT 113=296&FT 104=4054&FT 255=71.. 4/27/2002
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"l Socket Head Cap Screws

=

F Button-Head Cap Screw Size, Hex Key Information & Dimensions

Screw Size No. 0| No.2| No.3] No. 4| No. 5| No. 6| No. 8| No.10] %* e | W e
Decimal Approx. 0:060" | 0.086"| 0.099*] 0.1127] 0.1257} 0.138" 0.764"] 0.19¢7| .0.250"| 0.312"| 0.375"| 0.500"} 0.625"
Hex Kay Size 0.0357' 005" ha” Vit Hea® Yo" | 2 Ve e ie” l'-?-fu' o .%'
Head Height 0.032- | 0.046"| 0.052"| 0.059"| 0.066"| 0.073°| 0.087°[ 0.101*] 0.13Z"| 0.I65"[ 0.199"| 0.265°| 0.331"
Head Diameter 0.314" | 0.164"| 0.186"| 0.213"| 0.238°| 0.262"| 0.372°| 0.367°[ 0.837"| 0.547°| 0.656"| 0.875" 1000'
Minimum Thread Lengthd

18-8 Stainless Steel | 4" %" 1a* 3y 3" Hh' W' 1" T | 1% | 1 | e
Alioy Steel T T S I N S T Ll Y T S

D oreod g ited sbove L‘}'.;gf“}&t‘n'ﬁé"é’:am he Minirur Hhezad length and Tl threaded. Screws Shorter than Uie

Button Head 1‘@

for
hﬂﬁf&?‘mﬁgﬁlﬁeﬁﬁﬁel«? a]l%gos?ge \?J;th a black—oxtda finjsh, these scgrewscex ::w;" mrdms
o GAITAE Rogmal s £ S8 e .0 g&'ﬁ%ﬁ:ﬁ:%*{f.‘&ﬁ?ﬂer- Rl
mm i smglsngrslra;g; g:?m?t:re&a—ig ]'5‘ 21;‘2-523"52: c?gl Js!lszf‘fsmg;?ﬁ? bg sizes in various lengths Wom - ':9 e omater
47306A500 and specify size and ' m " 10 114", Please ask for

ngth.
Pkg. Pkg. Pkg. .
Lg. Oy Per 100 Lo Qty. Peri00  Lg. t:ttiv(j Per 100 L a'fg‘ :
. g-. Y. Per-100
18.8 Stainless Steel 78-8 Stainiess Steel (Comt.) '
-850 fine Thread Fime Thread  %4"-16 24 {Cont.}
V. 100:.92949A050.. $13.68  h"_100..92549A261.....$5.81 1. 50..92548A8244 . $37:61 el 7o ‘929482652 ¢_$111:43
2-56 Coarse Thread $he" 100, 92949A262.... 584  1%W”. 50..92948AE264.. 43.89 1" 50 92948AS554. 13685
e 100.9294GA074... $7.58  A".100.92949A263 . 690  1k". 50.925943A6284.. 52.20 413
100 02040A076. 781  'he 100.92943A264. . 7.47 2. 50.92943A632¢ . G4.58 e 50 izsasm";%?eszn-ez
;a‘.':wn 929:3:0;1 ...... 7.95 ;’f:: {% ggg.csnzes_._m 162 2A°. 2?.925‘42&534 ¢ 140.00 1"... 50.. 02045AT124. 97.31
100 ISIGAVTELLL 867 A0 SasdaAaED... LI 5 28-SEMSASRL 0 L - SitATies. 1ovae
14*100".92949A081 . 12.29 v;.« "100. 97943A270.. 9.58 . 50..5Z943AG50¢..S8571 2°.. 50 92943A7Z0e.. 145:87
- gzgwg?gasg Thread 13} ..... }% ggsg:g;\zﬁ.... n. 22 Alioy Steel
a*100.. A272. 7 11.9 . 5¢ Coars
She* 100.92949A105.. e 100 92943AZT3. 1484 Dkt 100..91255A074 ¢ "}’;;‘-’g;’ &3z ffgg‘*’g 5
Wi*. 100929494106 13/, 50, 92949A274... 2110 e 100.91255A076 ¢ .. 26,00 100, )
;f“t 100_‘92949A107 y 2 50 g s 215 s 93 ‘; " “'. 125 ‘. i | 51255A1ST ....... 11 ZT
00, 407 iy O-S2848A aam; T?:Ea B ;;%..31 zsg:g;;:.... 5;‘23 ! -100..-91255A199_.... 13.06
i ’ Ag” 100... v 2148 1H".10 A
;_I::..‘I_OO“.'SM_QM"IG ...... 486 Y100 92049A535 . $10.62 %".100..81255A079 ¢ . 29.90 19;;- 10833?,2“‘2‘3: 33_3_3,
ATIO0SIMGATIZIL SIS TIO0 SEMSASSN. 1120 ALIC0.DTZSSATHS. J150 2U.100..91255A2084.. 141 59
1*... 100, 929498116 6.27  %’.100..9294SA540.. 13.36  *hs"100..91255A081 ¢ $34.43 10-24 Coarse Thread
1V 100.92949A118 4. 25.76  7A".100..9294SA541... 14,88  '4".100.91255A052« ¢ 3469 Ya"..100.. 91255A234.......... 38.61
5-40 Cosrse Thisad  1n.... 50..592948A542. 1608  JAT.100.91255A084s ¢ 3488 = /%.-100--312834280. 8.74
7¢.100..92949A131...813.11 1. 50..92949A544... 17.83 4-40 Coarse Thread ;2. 100 91255“2‘1-~--"°-15
3% 100..92949A133... 1318 134" X *, 100, 91255A102+ & $17. %7 100..81255A244......... .
§-32 Coarse Thread }1}&." 50..92943A546,.. 20.24 Y,s* 100, 91255A105+« 13 gg ", 100, 312554245, 1.07
o 100..92040ATAT.. STT0 2 SO 32940As80. §§'§1 %" .100..91255A106..... 7.83 Bk 500, 91255A246........
347 100..92040A142... 47%  Syv 4 “929-4%551‘"‘ 3 " She® 100..91255A107...... 8.78 . TO0. 9T255A247..........
it 100.92949A144, . 437 3 - Z3-SZ4SASSZ... 4838 yv.100..91255A108.... 809 Vi . 50, 91255A348 ¢ ... 32.84
sf?i_' 100..92949A145 R %;:w. iy 157 100...91Z55A110. . Tlh* 50....91255A250.... ......25 40
%4°.100/92049A146 548  "Yotn srasenccoetie s .,,-«"100"'912555"2; """ 1§-§§ 2°.... 50 81255A2524.... 38.68
;ﬁ:"q% gg:gﬂg""" 23% th7.100..92949A562 4 16.97 :ﬁ-fjl%ﬁﬂg:ggnﬂ-s-? 155 13.32100 s1zssm1m T;!geggl:f
he 5. S A115s ¢ 37, 261......... 3.
3,*.100..92949A151..... 6.22 :f }83 Sﬁgﬁﬁﬁ: ;E.ﬁ 1" 7100, 91255A116+ -‘.;_53 et 1007 91256A262 4. 74.50
pogigeni o CUREE B preesmn s R R4
) - Bl 9L (B . . varse mﬂd . ,,."T J... 3T, T S 11 8
-L:!;é-100---9294921§s; .52.27 I;k' ”so 920485714 3087 .100.91255R121e. . 510.12 ;fsl...ma - 91255A267........ 10.67
v 100 92049A189.. . S6.08 100 92949.&5??:&0.54 100, 315??.21%?2’ }; o 100, g‘{zzggggs el
" 1D0.02049A190.... 6.00 4 100.92949A5784 21.35  g-32 Coarse Thread 1---.100..91255AZ7 13.33
the"100. gggmm . 8.5 %" 100..92949K580 ¢ a8 . 100..0TZ55A140 & 322.56 1V...100..9125EA274 ¢ . 80.83
-v;:* 1% szswmgi“ . gﬁ ¥1..100,.92849A587 4 22.50 e 100912654142+ .. 10.00 1'%4"..100..91255A275+ ¢ .. 52.32
oh".100. B2949A156... 7.14 1’!--..1;:3“.:29,\5330 24.39 :ﬁ'-}% g;;ggﬂx:; e gsa 1:}3...1-33‘...9125_5&2_72: ...... : gg;i
’h 100“329491“97 ...... 751 1’5:‘,.. 50...32943.!58_2.; 32’63’92 J: 100 91255}\}45" 'lsg 2" CAIZESAZTES. ... 30,24
100929488199, 8.55 1,*2*" o0 92949ASBT ¢ 33.81 e A B1ZERATAR - Y20 Coarse Thread
11,1,' §00...92949A201..... 470 " 80 52049A5914 47.05 sh'.ﬂﬂo 91255A7448...... 8.62 %4* . 100...91255A531s ¢ $18.75
1147100, 92949A203. 13,68 50..07049A593 4 52.99 4. 100. 91265A150. ..., G.41 3y 100, 912554535..... 11.18
10-24 Coarse Thiead %24 B Thead e 1O A e 1008 ' 100...91255A537...... 11.19
' 100..92949A238...... §6.71 e 100..92049A595 ¢ $58.48 '!a .-100..81255A152 ¢ ... 19.46 $4"..100....91255A539.0...... 1192
¥ 100, 079494240 6.9 14" 100, 92940597 ¢ 61.57 17....100..91265A153» 19.98 %" 100..91255A540....... 12.44:
%" 100, §2045A242... 7.10 5" 100, 929494508 ¢ 6475  1V4".100..91255A155+ 4 27.50 T 50 B1255A541....... 13.25
'347.100..92949A244,. 1.78 V100, 92949A5904 G7.92  1'2°.700.91258A157¢ .. 3451 1o .. 91255A542, ... 14.35
%" 100..92040A245. . 933 9*_ 50..02940AG03 4 75.44  8-32 Cosrse Thresd 1 100 ‘91255A544» ¢  46.56
14” 100..92949A246.... 9.58  4"-1§ Coarse Thread  *he"100..91255A1884..518.00 172,..100...91255A548. §4.72
.. 100, 82949A247... 10,66  &".. 50..92049A6196532.53  'A".100..81255A150..... 875 1%".100..91255A548. ¢ 54.72
TV 100, 92943A248. 1213 . 50..92949A621¢ 3353  he"100.912B5A181.... 12.34 27....100..91255AR4ES .. 44.80
194% 100, 92043A261 14,08  ’. 50..92949AB22¢ 35.06  *A7.100.91235A192.... 9.28 2-1:' .wo 91255A547« ¢ 44.88
2°. . 50.82945AZ534 5500 A", 50.92949A623¢ §7.88  'A".100..91255A194... 935 "I00..91255A5494 ... 57.44
{Continued on foliowing page) -
0 These sizes are avajlable in fess than full-package quantities. Prices are 10% o 25% h:ghe!‘-
2ann
McMASTER-CARR
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Flat Washers ' Page 1 of |

L__]We- would love to hear your comments.
ers and Shims > Type > Material > Screw Size (inch) > Inside Diameter (Inch) > Outside Diarmneter (Inch)
{at Washers

4 item matches all of your specifications,

Part Number 91090A105 $4.00 per Pack of 100
Type: Round

Materjal: Zinc-Plated Steel

Screw Size (Inch): 174

Inside Diameter (Inch): 17/64"

Outside Diameter (Inch); vy LSeIect to Change.va]ue@
Thickness (Inch): 3/64"

Thickness Tolerance: +.004*

4---To Order this item, enter a qua;ntity and click on the "Add to Order” button.

o
% View this itern on its catalog page.
() To change any other features, please start your search again,
L/ _
§
il

M- Thinsnr mpmsctar pom Inavam/acnncaarch aen?F A M=fatwashere® FT 158=1N04XFT 10 =103&FT... 4/29/2002



Flat Washers Jj

For information abotit material, see page 2947. For shim washers, see pages 2932.2995,

Military Specification 27183 Cadmium-Plated Steel

Perfect forenvironments where corrosien protection is essential. Material and dimensions meet FF-W-82. Was_’hars are made of G1005-C1020

steel and meet QQ-P-416, Type 2. Class 3. Rockwgll hardness is BS5.

Screw Dash

Size MER.-Maix, % Per Pk&

0-1 0.016"-025"....100.. 88032A413..... S4.05
2. EQ”...0.016%.025".... 100 8B032A417.... 4.05
4. 0.017-.028" 100980324421 ..... 4.05
4., 27....0.025"-.040" __100..98032A425..... 110
4. L0.0257-.040° 100, 980328429 ... 3.81
5. .- 0.025"-040 . 100 . 98032A432, ... 4.05
6. 50.‘..0;_013'-.020".... 100, 98032A436.... 310
6.. . 0.027°-.048" . 190, S8022A443 ... 405
6. ; ....0.03__;6'-.055-".,.100..93032;&447 ..... 157
8, ”....0.036"-.065" __700..58032A45%..... 4.05
8. 38*._.0.036" 065" ..., 100,.98032A457 .. 4.43,
a. - ..0,057%.080° 100 S803ZA462.... 5.52

10 0219 0365 0.025 -, 040°...100.. 98032A4E6..... 3.57

Screw Dash Thickness,
Sze No. D OD _ Min-Max. g Pef Pky.
B....0219° .0.438" . 0036065 _ . 100, 98032A469,,...$3.10

2. .-0.219°. 0.500"... 0.036™ 065" 100, .SE032A472... 4.

v 0.250"... 0,562%._0,025-.040" . AT7 .”5
- 9......0.250"....0.562"_.0 051%..080" g
50 0250 0.6257..0.025".040°
.Agg.......fuzsw usss' 0351' DBO” ...
10 ¥

100..98032A489,.._13.10
0°....100.. 880324492 ... 14.52

...100. 9B03ZA495 . 5.43
.100..98032A498 ., 8.33

....0 734" 0.051"-.080"._100_98032A50%.... 7.86
" 0.633'....0051' OB0™...100.. 98032A505..... 6.90
- D.875%.. 0.064"- 3 160 98032A504.....

104° .
08127 0,051 080

Large OD Zinc-Plated Steel and Stainless Steel

Also known as fender/plaster washers, these special-size washers have an extra-wide bearing surface 4
to eliminate the need for patching hales. Zinc-plated stee! is made of CT006-C 1015 stee! and has.a Rock-
well hardness of B49. Stainless steef washers have a Rockwell hardness of 870. Thickness tolerance for

zinc-plated steef is £.004", for 18- stainfess steefis 2,007, and for Type 316 stainless steefis +.007%. Siotted
washers can'be installed and remaved without temgving the serelw and nut.

| ma— zlfac-P!ated Steel— r;k' 18-8 Stainless Steai— rl; Type 318 Stainless Stecl
: Pkyg. *g. kg.
Size 1D oD Thick. Qty. Per Pkg. Thick. Qty. Har Pkyg. Qt}? Per Pkg.
Standard ) ) ) )
e M SR 0 031" --S1090A700......$3.38  0.031%...700.. .. SUI13ATOT....$4.47 100, .. F15254103 .......811.33
e YAR" . 0.047% . 91020AT02. . 3.45 : : - — : .
s e B 100.........90313A%02. . 458 5. ... 91525/102 ».,... £.66
..91090A101.... 3.88 . .
10904103 2.73 0.040°..100......90313A2. . .. 4.68
s — 0.040" 100, . 903134103 4.97 100‘,, 815254110 ....... 14.06
T 090A120...... 2.67 0.040°...100.....80313A104..... 7.10 91825114, 9.75
i — D030 100......‘...9031SAGOO....._ 7.02
- S1090AT04 ... 5.B0 G — e
..... 91090A70S..... 4.00
31090A106 —_—
91090AT07. —_—
91090A108 67 25 31525A120.... 6.36
$1080A10% 25, 91525A124.... .. 1.24
SS1030AT13 25 91525A128 12.07
. 31090A116 10........91525A129. ... 9.92
..... _.91050A110 .
..... oo TTO90ATHL . 1.0 ) _
e J1090AT19. . 5.7 063" 10......... !1525A130 ....... 465
——  O.Of T3AT ... 91525A133..... 998
0.047° . 100.... . 91090A 121 A N SAT1 :
0.047°...100.......9109DAT1S. .. 7.11 0.063 g0........ ~9D313ATIS.... 9.74 T4 91525A140 ER R
h... 77100, 81000A122 . 1318 _____ ... .
" 0.047"....100.........91090A117..... 13.75. 0.063".. 10......90313A116..... 4.99 10 $1525A143.... 10,10
'!z" e 2 TV OGATT L 50 BT090AT T4 468 0.063... 50......90313A1 T‘I 10 82 10 9T1525A145 5.62
Y VA 2 e 004" 50...... 9TOSOATIB. . 6:61 0.083°.. 10.....80313A118.. 2.80 10.....91525A150... 7.42.
Siotted
bRV, -t 1R 0.047°...100......... 91080A022. ... 13.63 0.047".... 10.....890313A032. . 4,70

Large-OD Case-Hardened Steel

With an expanded beann?suﬂace.ﬂ'lesewashershelpd!sm‘bumwud&
loads, Washers are made of C1018 steel and have a Rockwell hardness

of B71. They are dark with a black-oxide finish and are case hardened to

.003"-.005" deep. Thickness tolerance is t.uus. .

SCI'W g.

Size 1D op Thick, 3 Per Pkg.
6 L T et ... Q125" .. 10 ... STTA0ATO.. $4.24
8 s, Hy* ¢.125%,....10.... .S2140A104... 4.55

-92140A108... 4.85
..... 92HDATIZ.. 515

..... S2T40A114.... 10.97

...92140AT16... 8. 79

. BZT40AT18... 1212

.. 92140A120...13.65

SAE Upe 318 Stam!ess Stee!

98661A252

Large OD Zinc-Plated Steel Assortment

This 3as-plece Zinc-plated steel assortment includes 12 screw
sizes. The sizes listed are screw sire x washer OD. Includes 48 each:
%1, M7= 17 40 each: A H", Shy"x A 3ha*x 1% 30 each:
Varx TV 24 pachi Mi"x 1", She®x TW®, She"x 157, ATk 1V
"= 114" 20 each: $he"x 174", Furnished in an 11" Lg. = 5%~ Wd.
x 13" Dp. compartmented plastic box with id chart.

Each $39.48

H:gh-Strength 17-7 PH Stainless Steel

Suitable for use in conditions where steel, no matter how well plated,
cannot survive. These washers retain the strength and hardness of
heat-treated steel with the corrosion resistence of stainless steel.

‘Procipitation-hardened (PH] sainless steels can be heat treated to

higher strengths than any other stainless. stael, Washers are heat
treated 108 Rockwell hardness of C40-C48. Thickness tolerance is
+.005", May be mildty magnetic, Made in the U.5.A.

* These washers.offer tighter tolerances than standard washers of com-  Screw Size D OD__ Thick. Pkg. Oty. Per Pkg.
parzble size. RockweR hardness is 870, Vo .. 0.063..10....... 91850A023 . $4.39
Screw Thickness,  Pkg. - ' W .0.078%. 10 . 9T850A030.. ? 78
Stze_ D oD Min.-Max.  Qty. Per Pkg. LI ... 00787 10..............31860A03] ..

e 2 e W .o.... 003670657100, 91950A027....$10.38 e j v B F1BB0A032 .. q,sa
% Sk 0.0517-.080".. 50, 91950A029 . 5.42 §186DA033 ... 6.30
VA .. Yhe . 0.051'-080".. S0.....01950A030.. 6.78 .91860A034 .. 7.80
g T3het 0.051%-.080%., 50.....91950A031 . B892 . H1RGOA0G35Se 3.69
Vhe*.,.. 1% 0.074-721" .. 25....91950A033... B39 .91860A036+ 4.61
Mpgm . 1%he”., 0.0747-121% . 10.....91950A035 .. 685 918604038 4,92

e "D 0,108,160, 10....... 91950A036.. 9.86

MCWASTER-CARR 2975



LOCK Washers Page 1 of |

Washers > Type > Inch Size > Inside Diameter (Inch) > M_a;e{i'al > Package Quantity
ck Washers
Q; Jitem matches all of your specifications.

Part Number 91102A750 - $0-83 per Pack of 100

Type: Spring

Style: Regular Spring

Material: Zinc-Plated Steel [Select to change-value |

Inch Size: 1/4"

Inside Diameter (Inch): .260"

Outside Diameter (Inch): A48T

Thickness (Inch); 062"

Package Quantity: 160 LSel-ect'to- change value @
4--To Order this item, enter a quantity and click on the "Add to Order” button.
8 view this item on Its catalog page. -

Q To change any cther features, please start r search again.

— Adissm Modin, 7ibe = -

gﬁaéc—;f. - Washns 7
g,.é.'ﬁ, /"7( PL"} g’hf/&v% 7 ﬁ .

”)

—
R

ttn-fforww memaster com/maram/asn/nsearch.asp?FAM=lockwasher&FT [5 3:61(_}_66_&‘5"[‘ 261=5711&F... 4{27[2002
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Halogen lamps

- Low-voltage dichroic reflector

MASTERIline ES

. The MASTERline ES is an ﬂie_mmadeﬁcacymto
} -advanced MR16 lamp with lower the .
. - , infrared technology introduced whllenwntamngﬁghtoutput.
by Philips. Only the MASTERfine ES is aimed
Like jts predecesscr, the at replacing MASTERIine PLUS
MASTERfine PLUS, the andallwmmﬂmﬁlamps
MASTERIIne £ 5615 a new (35/50/75'W) offering energy
standard in perfarmance in savings of up to 40 % '
display fighting dichrgics. All the ottier benefits of halogen
The technology used by Philips is hghﬂng.md'nash‘lghtsparkfng
based on the application of 2 white light, excellent colour
heat-reflecting coating on the rendering, dimrming possibilities
wner lamp bumés Normally-only  and almast perfect lumen
10-15 % of the energy consumed  mainenance, are retiined,
by a-halogen lamp produces MASTERlne £5 offers the widest
visitle fight; the restis 165t asheat.  range of high-perforrmance MR16
The nfmredbumercoatmg famps on the market.
reflects an important part of the %
waste heat back to the flament. Other' benefirs of MASTERline ES
50 less energy is neadad 10 - Lésw WV ouriput - strongly
V6.7 ma. operate the lamp. reduced &d‘ng of goods,

: Moregver the-lamp hasa - Colour ten ure of up.to
revolutionary compact and 3150 K accentuating objects:
precision-shaped double-ended— - Complex reflector design for
burmer which enables the infrared. excellent beam performance,

. B reflecting ceating to-pedform to- - BU 5.3 base; extra retention

- its fullest potential lumninaire

2E The MASTERIne ES is the best

@50 max fong life kow-voliage product in Applications
f—"i_- the worid. with a bumer efficaty  Shops/stores, hatels, restiurants,
S ——r - (/W) improvement of up to exhibitions’art gallertes
;’ ) =g 2 .
1 1
5331025 ”\m.qs-uu
Dirrensions it mrr
Nortes 1L.AT designed for 12V iharacteristics are ghen
s ?Dac@wgwgm“urﬁcan &
Mmddawmnmmgg\dmmwmtm&rm
3mmumdungmmmmsnmﬂmmnsmwm
Technieal and lighting daxa
- . Yeaea Beam ANS! Lumsinous ™ Ordering £oc
v w degs cd h
T 73 i s T % o L LD L v
%. 5 5 = % A o0 S0 Y940 466 17700 703
TR iE 9 o7 G NA. 3350, ; 0461 171 313758
YT T ) 5 (1% A &0 5060 A0 462 17100 13787
14503 il 0 5F 3 A, 756 oo SH0 463 TI00 4136
T 77 35 ] <3 %) i) THO0 464 TN it Ll
Tabas [ 13 H =3 FRA [N S0 9740 445 17100 13970
T4585. 2 35 % GUS3 i 200 500 728466 17500 s
I3%87 3 —0 E N 1050 D240 467 17, 24
::g :: _:‘g r.:_ _%E::: EXT 500 % TIA0 468 17100 A48T
TiGEy 3 3. = G “BC 5150 5000 VIO 4GTATIC0 e Laiid
- T390, 2 33 73 Q5T EXN 7650 5600 SHOAMIFI0 640
| 459 2 [ ] [ ] Fal 1300 5000 9240 471 17100 43441
' 1
|



| I ' Low-voltage diéh‘roic reflector
Halogen lamps “MASTERIine ES

. _ - 2y 5w Tate MASTERfne E5 12V 45W -5
MASTERIne ES 12V 45V Bdgr MASTERUIne ES 12V 45V 24d: - MASTERGne ES 12 45w Jacr Fire £5 12V 5w ol




. MasterLine® ES

-~ IRC MRC-16 Lamps -

Superior accent lighting with measurable -
energy savings ‘

m Innovation
MasterLine® ES features a
double-ended IRC: burner and
hard-coat dichroic.reflector

m Energy Saver
~Up to 30% more energy efficient
than standard- MR-16s
=Save $7.58:per lamp when réplacing
standard MR-16s"*

m Superior Light Quality
~Features a smooth, round beam
for effective accent lighting *
-Coior consistent white light
~Glass lens minimizes UV and
product fading

m Long Life
Lasts 5000 hours for lower
maintenance costs

Ideal for...
= Shops/Stores
" Hotels
M Restaurants
¥ ExhibitionfArt Galleries
M Track and Recessed Fixtures

_ ior 5000 hoW'S:
-sagdms.1wﬂfé°fwrwﬁ MW“:W1& -

BW Mast

| Lighting
Company



Phifips Lxghtmg Company

-~ _ 200 Franklin Square Drive » PO. Box 6800
Y Somerset, NJ 88875.6800
1-800-555-0050
www.lighting.philips.cominam
A Division of Prilips Etectronics Morth Americay Carporation
Printed i USA 301 P5431A

Phitipz Lighting

281 Hiltrmount Road

Markham, Ontario LEC 253
A Division of Philips Elettronics Limited

-

MasterLine® ES IRC MRC-16 Lamps

Electrical, Technical and Ordenng Data Sitject.to m withosst natice)

Approx. Avg Approx. Rated
Product _ _ Center Beam Averags Repla:es
Numbér  Ordaring Lamp  lamg Temn Candie Spread Lite
046677  Cude Watts  Volts Base (Kelvin) Power  (Degrees}) {Hrs) MR—‘IG
36345-7  20MRCIGARC/SPE 0 R GUS3 30 6500 8 5000 20W or 35W
363465  ZOMRCIBARC/TLIB 20 12 GUs3 3700 TR0 36 5000 20W : sw
363481 35MRCT MRCE_F'S B 12 GUS3 00 14000 3 $000 50W
363499  ISMROIGARCINALZA 35 12 GU53 3100 4400 24 5000 S0W
383516  3ISMRCTENRC/FLIG 35 12 GUS3 3100 2200 36 5000 SOW
36352-3  3SMRCIEIRCIWFLED 35 12 GUSs3 3100 1050 60 5000 SOW
363531 4SMRCIGARCISPS 45 12 GUs3 310 16000 B 5000 & SOW or T5W
363556  4SMRCIBRC/NFLZ4 45 1 GU53 3100 5450 24 SX0  SOW or 75W
36357-2  45MRCIBIRCFLIE 45 12 GUS3 300 2850 36 5000 SOW or TSW
363580  ASMRCIBARCAWTIED 45 12 GUS3 3100 1300 0 5000 S0W ar 75W
Light Distribution
HIN it -4 e - v wacr o Dok acy
1= 0%
w7
PG
KoL
| oS o Ca1
" -l g - -
e ‘ FCa3
1 =t a0 kil e -
ats Tt y '
A i o il 165g o ““‘:;'
N i e oot

MBCP = Marderpam Buarn Candiepower
@ = Diamater of basm pread i inches
.FG = Footearndies mesdijrad ot 07

JE—

Phillips
Lighting
Company

PHILIPS
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Bulbco.com

DRDER BlREGT

Full Spectrum .

Halogens

HID. Lamps

Incandescent

Longlife Bulbs

P ro]ector Lamps

Christmas Lights

Club & d.j. Lights

Gifts & Novelties

Neon L:ghts

New Fun Lights

Rope Lighting

Lighting Catalogs

Lighting B allasts

Lighting Firtures
Lighting Parts

Lighting Sale

ORDER DIRECT

Show Order

Sean:h

info

Privacy Policy

Tindd o

1Ol 2

Se. ch by keywords
lfyoucan‘tfmrthereu'yumsmhuttm

ordesu' tlun

I B S

ARV P

v MR16 Square Track

Click here for More.

Availability: Usually
ships the same
business day.

MR16 Square Track
310 $75.00,4/
$120.00

Buy‘ﬂow I I

MR16 Gimble Ring
Click here for More,

Availability: Usually
ships the same
business day.

MR16 Gimble Ring

314 Regular price:

$85.00 Sale price:

$78.00, 2/$140.00
Buy Now ! I

R30 Straight
Cylinder

http://www.bulbco.com/trackkits1.html

g 'f"‘“"' Track Light Kits
((} [&?\
¥ %

B

"MR16 Roun

Click here fo

Rl

Availability:
ships the sal
business da'

MR16 Roun

312 $75.00,

$130.00
_TBuy. Now [

Par30 Gimb
Click here fo

Availability:
ships the sai

_ business da

Par30 Gimb
316 Regula
$49.00 Sale
$45.00, 2/$8
Buy Now |.

R30 Step Cy

Click here fa

3/4/2002
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e e Click here for More. _
Email : '

- Availability: Usually ships the sa)
ships the same business da
business day. '

_ R30 Step Cy
R30 Straight 320 $45.00,
Cylinder 318 $155.00
$44.00, 4/$155.00 Buy Now |
Buy Now! |
wow ws 1 R30Bullet Cylinder
AT O Y - -
i Click here for More. *
Availability: Usually
ships the same -
business day. : :
R30 Bullet Cylinder
. 322 $45.00, 4/
$155.00

Buy Now I

Email This Page To A Friend!

Please call us at (954) 360-0090 if you have any questions or con
Or email your inquiry to our customer service department.

Appliance | Energy savers | Fluorescent | Full spectrum | Halogen
[ncandescent | Long life bulbs | Miniatures | Stage,Studio | Projed
| Black lights | Ballasts | Track lighting | Christmas lights | Dj lights
Gift fights | Rope lights | Best buys - -

‘ Privacy Policy | Terms of Use | © 2002 Light Bult
Ine., All rights reserved,

http://'www.bulbco.com/trackkits1.html - 3/4/2002
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Technical drauings s 3-0 fadels Turnbuckles

- For information aboit turnbuckles, see page 1252,

Forged Steel Stub End Turnbuckles 4
The swb eénds on these 5@:. @
Length—|

self-colored tianbuckles are ) Complete Tumnbuckie

‘gasily welded into place or Body Only
;I:ru%aded T?:ve;u ;ﬁ?ﬂﬂﬁ; ™ - 'E;se_d-- Oomplete Tirnbuckles men . Turmbuckle Bodies —

- 5 read Work Load Each
tional coa'?f; ”ﬂ:seids ¢ 0"‘_3“, Size Take-Up Length Limit, bbs. 1-55__ 6-Up length 1S Gup
a I:umbuckle body and stub-  %"™-20 4" 10 2996734 .. 37.61 $6.78  4.81"._2995T14__$5.071 $4.35
end fitings on_each side. ‘%As-18... 45 110 2996716 937 B34 536" 2095T35.. 672 5.83
end F deral Specification  '-16..._. 6. 16 -~2996T16... 9.94 8BS  7.13"..2985T16.. 7.03 .11
FF T-791b Type [' Fﬂrl'l'l L ‘k- -13 - g . 18" ’ 29981 17 *...'[1.24 10.01 7.5"... 2995T17 . 7.33 6.44
%13 g 19 -Z996TI8_ 1537 13,70 10.5"...2895T18 __11.64 10,12

, m ssttub!;s W3 N 22 e 2.200.....2996T19. 1971 1156 13.5".....2085T19.13.54 11.78
oL, P eaeTads 11 2996721...13.93 1241  7.88".. 2095T21.. 908 7.97
please as - 1817 10.88*.. 2985T22 ..13.98 12,16

d specify thread size, A1l
and us;hfv and left- or ™11, 2.74  13.887..2995T23 _16.01 13.9

right-hand thread. For jam  ¥°-10 6 17" 2096724 _17.86 1624 8252985724 1219 10.
nots, | please  ask for W10 L 20" 2996725..22.97 20.68 11.25"...2995725..14. sg 1%‘??
‘29057222 and  specify "-10 12" e 237 2096T26...32.28 2935 14.25"._ 2995726..722.08 19.38
thread size gncJI left- ol:lrslght- %*.10 18" 29 2998T4T .. 47.73 4339 20.25"...2995T47. 3316 29.09
hand thread. Jam nuts are  ige.g- g 18 ...2996T28..23.80 21.63  B8.63°..2995T28..15.46 13.57
not available for 1437 or g 2t 24 2996129 4146 1769 1463 2995129 2532 2300
1%4"-6 thread sizes. A9 18 ki 2996751...71.62 6511 20.63".. 2995T51..34.29 30.59
= 5”, 19" 29967321.29.57 26.88  9"g, .. 2995T321.18.61 16.04
8 12 28" 00. 2996T331.44,64 4058 15777 2905T331.21.14 14.86
3. 18° 31” 9,800 2996752..70.81 64,37 ..2995752...38.24 3429
1T 6" ... 20° . . 14800.....2996T371_47.50 4327  9.75%..29G5T371.24.21 21.48
186 e B e 20.5% 21,000........ 2996T431.68.80 62,54 10.38"... 2995¥431..35.55 32,27

Forged Stainless Steel Turnbuckles &
. Type 316 stainless steal Iy =
]g’uckles have. Unified Jaw arxd Oval Eye Stuby and Stib
National Ccraa['se %hreadsi £I
eyes are oval unless na
« | T END FITTING SPECIFICATIONS ~————
See page 1262 for dimen- ¥ " I Eg Erd - Jaw End J—TZJRHBUCKLE BODIES —

20 5001.1. TR 0F 018 047 021 108 2 gt _
Shot18.  800.....1.13°%. 0.5 . 15 085 025 Ty | 204753022711 812,93
16, 1,200.....1.25%....0. 3T O I 056 gy T A 344 3022Te - 1833
K13 2200 T 1A 1AL 083038 LTS ~3022113 . 23.9)
A T e A T | e e
-10.... 200, 2447 098" ... - ¥ 269" P AR 55 BR
1’.‘;8 1°.2m ) k1 15-«"""1 3,5_. 2 ?n 2.5'“‘“1 25» Ri} -!a.- 3 :l-l 10....3 15' 3022“5 - 55-63

59 1o 2022718 81.27

r——Eye &k Eye——— ——Jaw & Jaw—— [ Jaw & Eya——— [—— Stub & Stuly —

Thread Clased Closed . Closed Clased

Size Talce-Up Length Eactr  Length Each* Length Each* Length Eachw
Vam-20... reneree- SOEZTIT e 238,91 7.57.....3022751....351.74 8 ... 3022Ta41v _ $44.77 g*......3022T21 ...%30.65
i -18,. . ..3022T3248 .. 47.63 9.2"_..3022T52 ... 60.57 8.4 30221427 .. 54.75 10.5"..3022T22.. 37.11
L | 6‘...‘ B LI02T33 ... 55,48 11.57..30Z2T53 ... 69.38 12.1"7...3022T43._ .. 63.22  18".... 3022T23.. 4163
7%-13........87 , 3022734 .. V5,50  13.25°.3022T54... 86.28 13.75°..302Z7T44... 81.87 15°....3022T24 .. 55.33
5411 6% 15673022135 99.93 14.5°..302Z755...134.27 15.2.0 3022T45... 122,53 16"......30Z2T25 .. 10.39
10 e 17.5%..... 3022736 ... 726,02 16.75".. 3022T756...177.30 17" ... 3022T46..._146.73 16.5"... 3022726 ... B5.04

1°-3 21°.......3022738 ... 241.74  20.7"...3022T58...343.44 y 18.75"..3022T28..162.47

% Round eye end fittings. vJawandmundeyaendﬂttmgs.

Cast Stainless Steel Turnbuckles I@-

Cast Type 316 stainless
steéel construction gives you
strength -and comosion re-

E‘micenc:“a: ::-1‘ are ml Thread Work Load Work Load lr‘,'yrEnd SPEC Hoo?gg: Jaw End

r b I | Jaw _"'_'_!

- e 1262 for dimen- | Size Limit, lbs.4 Limit bsi A B D E F G H J K
S mbuckies— | 10-28.... 330 45 0.69"...0.31"....0.65"...0.31"....0.28"...0.38"...0.25"...0.15"..0.69"
Fl;"’m';'h:dj"\:,‘;m uckles— | w20 310 " 100 0.85°...0.36°.0.88" 041", .0.387....0.5...0.31" .0.25" .. 0.75"
able pins and tircle cotters | ‘w18 840, 250 1.06° 00,447 1.06" . 0.47°0.44° 0,56 . 0.38" . .0.31".. 0.94"
for sy comection o maet | %4716.....1260 . 450 1.38".0.63"..1.38% . 0.53%..0.6", ... 0. 150440381 06
anchoring eyes and eye | ¥-13...2200 550 1.63"...0.63"....1,63" ... 0.66.... 0.53' ..... 0.817. 015" 0. 0.5 . 1.56

bolts. "-11.... 2800 550. 1.88%..0.63"..1.88" " 0.867....0.63" ... 1.06%....0.69...0.63" .. 2"

' A Eye & eye.and faw &jaw. A E)fe & hook and hook & hook.

———Eya & Eye— —— Eye & Hook— THM&&-HM——| r—:dJaw-&Jaw-—'l

Thread . Closed Closed osed

Size Take-Up__Length Each* _ Length Each* _Length Esche  Length Bache-
.10-2'4_.‘_“___“2.5"...“,__,..... 5.25"_.30315751.. $10.70 5.25"..30315T21..%10.70 5.25"...30315731..310.70 - 5.250.::30315761. S'lﬂ az
200 3. . 65" W315TS2.. 1220  6.5°...30315T22..1220 6.5 30315732..12.20 4.98
o 6 8. 30315753, 16.93 & ... 30316723...16.93 8 ... 30315733, 16.93

/E 16......... 8".... w1170 30315754 .. 23,83 117, 30315T24...23.83 117 .. 30315734, 23.83

P13 B 127 0 30316T15 .. 37.80  127......30315T25.37.80 12", 30315735 37.80

1 .

* Prices-are approximately 10% lower when you buy quantities of & or more.
WViErrsrxy Never exceed work foad limits of items on this page.

MdMASTER-CARR - 1263

155" 30315756 68.63 15.5°..30315T26..88.63 15,5 . 30315736 ... 66.63
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D_we would love to hear your cotmments.

S > Shoulder Diameter > mm_@g;b > Material
« noulder Screws

1 }tem matches all of your specifications.

Part Number 90298A722

g R L @ L e i

B System of Measurement: Inch
- Screw Type: Standard
Drive: Sacket
Material: 18-8 Stainless Steel
Thread Size: 3/8"16
Shoulder Diameter: e
Shoulder Length: 2-1/2"

&--To Order this itern, enter a quantity and click on the "Add to Order™ buttan.
% View this item on its catalog page. '

M View a technical drawing of this item.

?ﬁ View a 3-0 Model of this item.

(2 To change any other features, ptease start Your search again.

i

-

it -

-

ra—

TG L U101

1-4 Each $6.29 Each
Sor more $5.32 Each

[Setect to change value ]

ISelect to change value i}

L

atelararas mermaster comfnaram/asninsearch.asn?FAM=shoulder&FT 113=296&FT 1167=45251&FT_... 4/27/2002



Auedwon Alddng wen-imseon Looz {0) SIHONI NI Ay SNOISNAWIA
: WIODJBIEBLIIL M dRY 'A3|3103dS 3SIMEBHLO SSTTHN

a._._ _.n...j | 997 Ivos

L4011 0 1007 AMYNNYS Y0

OaYHL 8l-8€ 91
| H30INOHS 71 VIIIATNOHS 31 MBMOS

HIGINOHS QUVONV.S BFISSSTNIVLS BlE ANYINOD AlddNS

cosvsrezs waonsvs | QAT GALST NP

¥

05,702

. X3H
—— —— CLE0 0SZ°0

™)
©
£
i
Y




Reach p— Ovaralf Sizex — Work Load Screw Max. Padicck .
Distance_g Wd. Proj. Limit, Ibs., Size Shackle Dia. Finish Each
Internal 5' el ) i
N, )
HAM o 2™ AR B #6 \ Zinc F.'lated.“.‘l7'94A41 . 3501
304 Stainjess Sred
—dH NG TRt e ¥2 X Bright 1794A51... 576
* H. 1B 2%t EELL L P ; 6 . ; Bright 1794A43... 5.05
TR e VAL e 250 6. - Bright 1794A55% 12.14
Padm:kablsh?pe 304 Stainless Stee! ) ) o
N 1 Yaa. 1" 202" 250, 8 : " Bright ........... 1794A548 .39
Extarnal Spring ’
i{
ALY TR L T P " Plain 1734A14... 4.40
. s T L T o ﬂ {fatch). #6 (strike), ....ZInG Plated.. 1734A12... 374
et FVE e Al T o e 12 (atch), #10 (SUKS)... oo crercsvarerennnnn. ZIC Plated... 1734A26 . 1.88
Norl!ackmgb— e 304 Stainiess Steel o
o Vz' 18 e 12 (lAESH), #10 (strike) . ~Btight ... 1734R73..., 13,31
[ 1he" ... S pemrrenens #5 . p Satin......... 1734A27.... G6.44
Padfockabie—swe! ’ ’
— KA 2T b T _#7 llatch), #6. (stike)...... 3hs" o Zing Plated... 1734A11.... 4:99
KB 3 e 1A . a2 fatch) 10 (stﬂke} 30 e ZinG Plated . 1734R15.., 8,77
screw holes; designed for welding.

N Surface-Mounted Draw Latches |}

For information about draw [atches, see page 2762; for information about keying, see page 2730.

[ eErerEs Click here for mounting plste dimensions for the latchies an this page.

Work-Load Rated Draw Latches

Work-load rated to secure enclosures, containers,
and -cases. Some-of these fatches also offer a longer
reach than standard draw latches. Mounting screws
not included.

Choose stainless steel, EPDM rubber, or urethane
rubber\atches for comosion resistancé.. EPDM rubber
fatches also -ghsorb vibration and compensate for
s ht misaligniment, Temperature range is -85 to

Wark load fimit is the maximum amount of force the
latch can withstand without affecting its aperal.ion or
appéaraice-

Reach r— Overalf Szex—— Wotk Load Screw
Distance Lg.  Wd.  Proj.  Limit, Ibs.  Sie.

# -Zinc Plated... 1844R51...$3.79 1844A41..53.79
#8 . - Zinc Plated_..1 2.... 517 1844A42... 517
#10... —_— Matte Black.. 1T24MRE3...... 1276 1844A61..12.19
#12 (strike), #5 §atCh) ... oo ..Zific Plated... 1883A%6..... 4.17 —
#3 . Zinc Plated... 1501A32..... 5.32 e —
4 fright............ 1844831«  7.10 1844A21« 7.21
2B, s BGAT. . 1844A32. 1021 1844A22- 01
... ¥5 [strike), $12 (latch) Bright .......... TA63ATY .. 8 .
_ 5. . . Bright 1807A34...... 962 - ——
25 2 J— — Biack .........4015A24. 2213 __ ¢ .. .
43 #10 . ..Black _A015A27..2690 . _
thane Rubber _
VR AT, 500 #10... : Black.......... 4096A28... 3893 .. __ .
VA" ... 182" .. 500 #10 Black... 4015A294 5073 ..
#8 ) Ty Zinc Plated .. 1844A53..... 5.17 1644A43... 517
#10.. L o Matte Black . 1844264, 12.76 1844A62...12.19
e Me® (lBtCh)E L1 Zinc Plated . 126B5A61...29.96 — . . .
#8, feeen Fjaa” Bright 1844A33....10.21 -1844A23_,10.21
_ #12.. e SR — Bright 1863A31..... 949 e
P _ Steed
—_ e TAE™ 23" Sl 5" 110, 3hs* .Polished .. 1863A82... 7.56 — .. _—

* Overall Iength includes stike. = Blade is 177 PI-I stamless steel.
& Muounting piate, lever handie. and keeper ara Type 302 stainless steel. M Strike Kas no screwholes: designed for welding.

Compression Sprmg Draw Latches

when fully closed, the springs provide constant holding tension | for a tight latth. The springs begin compressing when the
lateh Arst en?agas the strike and contmue comprassing as the latch closes. Screws are nol |
Work load limit is the maximum amount of I’or::e the ?atch can withstand without affecting its cperation or appearance.

* O'all 9. inchudes strike. & Has secondary latch 1o help prevent accidental cpening.

Ejector Lever Draw Latches

Not onty does this latch pull the door and frame together for a:securs hold, but  Max. Work

when y6u unfetch, it actually pushes the door out for pasy opening . Perfect forpan-  Door Reach  Load

els and etectrical enclosures, Push down on the lever to latch: pul up to unlazch Thick. Distance Limit Each
Latches are thvough-hole mount, designed to latch surfaces thatare at 90* e k" .....100 Jbs.. . 1405A1 ., $7.67

Made of black pol %yﬁter with zinc-plated ‘steel pawl. Temp, rar e Is 14* 10 104° F Wb 700 [bst 1405A2., 1.67
Size |5 274" Lo » Sk® W, x 05" Proj; Requires W4z" Lg,x Sh" Wd. mounting hole. Ya" KT ] 7

Work load fimitis the maxirum an{'our?? iof force the latch can \mthstand witheut SRR 100 Ibs...1405A3 .. 7.6
affecting its operation or appeafance. e -

M/MACTED.CARR .




Appendix D
Parts Tree List



I. ) Light bar assembly - .
) & subitie
Top complete assembly {1}
D076 M 2 XX 2002
Light bar sub assembly (1) Flat washer /8" (8) .
DO76 M 2 XX'2000 ’ D076 M 8 3008007 ;:;;a:‘tazc;xm;;; {1}

Fiber glass bar 10 L. Shoulder screw 38", =

%3 xB" (1) 1 | Tazz light mount {8 2-112” length (2) azz cap

Do76 M3 XX 300011 Dn'(srgzxxza'oi} DOT8 M B XX 8004 B ;;?:r:‘bg:;l%m

Frame support_1 (1) : F | Shoulder screw 378", . . _

g . 3 7 - _ .

D076 M 3 XX 300 Fazz Tight model Braw Citch A~ || 1.2, larath ) Malsr Pote || | | Tazzpolecap

Frame support_2 (2) 30005 {1) 13726" (2) LD076 M 8 XX 8005 _ 8'dia (1)

D076 M 3 XX 3008, DOTE M 4 XX 4001 DO75 M 4 XX 4004 { [ | ock washer 48" (4) DO76 M-3 XX 3002

Flat washer 1/47 (24) | ] _ ‘| DoTE M 8 XX 8008 -

DO76 M5 XX 8002. —| Tazz body(1) Latch pr (1) m;‘“’f&‘f&d'am | | | Tazz cap bracket
Hex bolk VA% (12) || | Hex nut 318 18 () B & xx 3003
D076 M 5 XX 8012 Tazz leg(1) Latch pr 201} | | Do76 M 8 XX 8008 - ek SLEOR brockat (1) Al
Lock washer 17¢" (12) — Angie clamp fam DO76MaXXa004 ||
D075 M 8 XX 8001 ~—| Tazz shiekd(t) batch pr (1) | | (oS Soren pole (1) ki Tazzcap !
Fex nut 174" - 20 (12) _ DO7E M 3 XX 3001 Outriaaer tube
DO76 M 8 XX 8010 —] Tazz glass (1) Turm buckie jaw and poTema XK 3005 ]

. jaw (1) —
lec. conduit{1) || L | Towr s 1 A » } ' .
i .. B2 XX 2005 pring(1) D076 M 4 XX 4002 Outrigger clamp @) ||
e ———— | [Tazz fight spacer DO78 M 3 XX 3008
Tux';((%g OB M X 3008 Flat washer 3/8™ (6)
A4 XX 4009 | Philips bulos 45 MRC 16 s —
Yook ] | DO7E M 4. XX 4000 DO7S M 6 XX 8002
coupfing(5} [Tazz threaded sieeve (1] . { D076 M 3 XX 3013 |
DO75 M 4 XX 4010 —1 DO76 M 3 XX 3010 g;;;;:: g )1&2 acﬁ: || bt
| [Flat washer 1-3/6" (1)
Pyc tube 3;; body(3} - COT6 M 8 XX 3009 Lock washer 174" (3)
————— 0076 M3 XX 011
Tzess | Hexmat 14" @) ||
Latch strike (2) D076 M 8 XX 8010
Title s
Light bar assembly Tree structure Date | Description
: L Date Qrighial Scale . Cazrmr
4/2812002 N/A Hmm B
- ! _ _ | cHEckED BY | ORAWN BY for &fg’mn b
- i Latest ravision Job Mo, J.Laffitte M.Morales
i 01 _ Techaology
73012002 DWVIE free.vsd



Appendix E

Design Criteria



November 23, 1999
evised on 5/10/2002
Design Goals for Halogen Lightbar mb}

The purpose of this document is to outline the requirements necessary for the design of a
low cost Halogen Lightbar assembly.

1. Mechanical Goals

Reference is made to applicable portions of FAA-E-2325d.
Weight - shall not exceed 22 1b. including five lamps and two outriggers.
Size - shall be 10’ long, supported at the center by two outriggers for stability.

Color of the assembly shall be Aviation Orange. Color shall be pesmanent and
non-fading.

The mounting hardware of the assembly shall accommodate either round or
square poles and should resist tuming due to wind forces. _

Temperature: -55°C to +70°C operating (this includes direct sunshine)
Altitude: 10,060 ft. Max.
Rugged construction is imperative.

Vibration — Must be capable of sustaining vibration caused by airfield winds and
those caused by jet-blasts. Winds up to 120 mph shall not cause damage.

Protection against snow accumulation and ice formation that might obstruct or
diminish light output needs to be addressed.

Preferred materials - Non Metallic (RADAR reflection).

Halogen lamps have a protective cover, which may be sufficient protection
against the elements.

2. Accessibility:

Each lamp shall be easily replaceable without affecting its alignment in the
assembly. Replacement of the lamp shall be effortless and shall be-accomplished
without the removal of screws or other hardware. Captive latches or other means
shall be used. Screws shall not be used, due to poor accessibility with ice and
snow. Captive latches, if used, shall not become inoperaﬁve- due to weather

conditions such as ice and snow.



3. Aiming:

» The lightbar shall have provision for adjustment of the aiming-angle in
increments of 1° or less. Total adjustment range shatl be 0° to +25° above
horizontal. Final setting shall be stable and non-creeping due to aging and
temperature changes. Continuous adjustment is acceptable. An angle indicator is
required and must be permanently marked. Adjustment shall be implemented

without the use of additional aiming devices.

4, Companion Transformer:
A low voltage transformier is required at every lightbar to provide 'gl}e operating,
voltage for the Halogen lights.

This. 10:1 voltage-transformer converts the incoming 120775 and 50-Volt
potentials to 12, 7.5 and 5.0 Volts respectively. h

The transformer shall be located at the center of the lightbar for short distribution
of heavier gage wires. Due to weight constraints, the transformer may be
alternately located at the base of the lightbar pole (not desirable), in a NEMA
housing above the frangible coupling. The housing shall be part of the pole and
shall have a hinged access door that can accommodate a lock.

Two wires shall be provided from the transformer housing to the lightbar to
power the five lamps. Lightning arresters shall be housed within the transformer
housing. Input and Outpﬁt connections on the transformer shall be block terminals.
This will alleviate thé need for additional texminal blocks for interconnections.
Additional terminals shall be provided to accommodate two lightning arresters.

5. Lamp monitoring assembly
= A small torroidal transformer will be included with each lamp’s wiring. This
transformer will sense the presence of current flow in the lamps and provide
direct indication of the lamps integrity. One wire will be common with each
monitoring transformer. The second wires {one from cach monitoring
transformer) will be terminated on a small terminal block for connection to the
monitoring station (1 + 5).

Page 2 of 3
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6. Electrical Requirements

= Transformer Input Voltage: 120, 75 50 VAC / 50/60 Hz.
*  Input Power: 280 Watts Max.
* Halogen Lamp Input Voltage: 12;7.55.0 VAC/ 50/60 Hz.

7. Halogen Lamp:
v The selected lamp shall be Philips 4SMRC16/IRC/SP8 (8°), or equivalent,

8. Optional Application
= Lightbars may be used for “Threshold’ applications. 15 lightbars across a 150 ft
wide runw‘eiy- will provide the required intensity.

For this application a green filter is required. Provision shall be made to
accommodate such filter in front of each lamp.

Page 3 of 3
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On April 29, 2002, HCET authored a report for DME entitled: “Mechanical
Design/Analysis Halogen Light Bar”. As a supplement to that report, HCET offers this
report, which covers some of the items discussed during the design review held at DME
on May 15, 2002, and in separate meetings at DME on May 22, 2002 and June 6, 2002,

1.0 Issues
The following items had issues associated with them:
1) Details for mounting the turnbuckle that adjusts the angle of the Halogen Light
Bar (HLB)
2) Details for mounting the transformer box
3) Details for the cap showing the wiring to the HLB
4) Details for the angle measurement marking
5) Electrical schematic for wiring of the lights:
6) Maximumn allowable weight of the bar
7) Name on the drawings should not reflect the name “Tazz”
8) Ice loading of the HLB. Reference was made to RTCA 160.

All of these items and/or changes are depicted in the drawings (size C) that accompany
this report. All items except #6 (DME action) and #5 and #8 (HCET actions) were
provided in size A paper on June 19, 2002. Item 6, “Maximum weight of the bar”, was
addressed by DME by obtaining the weights of the existing light units, which is 52 Ibs.
The ice loading issue of Item #8 was addressed during the design review; however,
HCET obtained a copy of RTCA/DO-160D document to determine the ice loading. This
document does not indicate the thickness of the ice but rather indicates that a layer of
hard ice should be “to a thickness defined by the APPLICABLE EQUIPMENT
PERFORMANCE STANDARD...” The document indicates that the applicable
equipment performance standard can be the manufacturer’s equipment specification. At
this point, HCET holds that the structural loading due to a.1.5 inch thick layer of ice
throughout the entire bar (equivalent to the ice that fits the interier volume of the bar) is
within the capabilities of the light bar.

During the June 19, 2002 meeting, components from an existing light bar were shown to
HCET personnel to determine whether they could be adapted to the design. The
components were adaptable and DME took the task of incorporating these components
into the design.

2.0 Revisions

In the June 19, 2002 drawings, slight revisions/modifications were made on the following
objects:
1) Fiberglass light bar: thickness changed to 0.25 inch from 0.125 inch
2) Fiberglass light bar: hole size for the lamp slightly increased and shape slightly
changed

3) Pole mounting cap has hole for wiring



The thickness to the light bar was changed due to an allowed increase in the weight of the
unit. The hole for the lamps then changed because of the fiberglass wall-thickness
change.

The recommended material for the fiberglass is an epoxy resin fiberglass or other
fiberglass resin which maintains an ultimate strength of at least 25 kst at high
temperatures (120°C).

3.0 Ramifications of Revisions

The thickness increase of the light bar has several ramifications: the weight of the HLB
is increased by 6 Ibs, the safety factor of the design isincreased, and the natural
frequencies of vibration also increased (the structure is stiffer). An additional benefit of
changing the thickness of the fiberglass bar is that 3-inch square fiberglass tubing,
becomes a standard size for most fiberglass manufacturers at 1/4-inch thxckness while
1/8-inch thickness is typically a non-stock item.

Creative Pultrusions, Inc., provided material specification for an gpoxy-resin fiberglass
coupon of triaxial fiberglass (90° +45°, 46 oz/sq yd fabric). An analysis was performed
by modeling the fiberglass as a transversely isotropic material with the following
specifications: !

Parameter Value

Density 0.07 Ib/cubic inch
Elastic Modulus (Lengthwise) 3.92 Msi

Elastic Modulus (Crosswise) 2.26 Msi
_Poisson ratio (Lengthwise) 0.35

Poisson ratio (Crosswise) 0.15

Shear Modulus 0.42 Msi

The same estimated wind load of the previous report was used (148 Ib in the front surface
of the bar and 64 Ib in the rear surface). For these parameters, the maximum
displacement due to the estimated drag force of a 120 mph wind is approximately 1 inch.
The most critical stress oceurs in the center of the light bar, at the top and bottom of the
center lamp hole. At this location, we have a high stress of 10 ksi and a high heat load
due to the center lamp. The temperature at that location could theoretically reach near
120°C when the outside temperature is 70°C. In practice, one would not encounfer that
gituation of maximum drag load and maximum temperature load due to the cooling effect
generated by the wind producing the drag load. Moreover, the lamp hole shape has a
small cut out to avoid direct contact of the halogen lamp with the fiberglass at the
maximum stress location, thus decreasing the temperature effect. The epoxy resin
fiberglass used for the light bar should have an ultimate strength of 25 ksi at 120°C for a
2.5 factor of safety.

New vibration modes and natural frequencies were calculated for the thicker fiberglass
beam. For the bar without outriggers, there were several low natural frequencies near 14




Hz. These inchided flapping of the arms symmetrically back and forth or up and down
and ‘anti-symmetric flapping where the left side moves forward while the right side
moves backwards.

For the bar with the outriggers, the model was constrained so that it could not move
vertically at the outrigger mounting points. This resulted in the following modes and
natural frequencies: 15 Hz, front to back anti-symmetric flapping; 17 Hz, symmetrical
flapping front to back; and 70 Hz, up-down S-shaped mode with fixed nodes at the
outrigger mounting points.



