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TECHNICAL INFORMATION OK A RECTILINEAR' SCANNER
FOk,DETERM;NATIQN'OF BONE: MINERAL CONTEN:

by

John M+ . Sandrik-
: Department. of Radiology
/ University: of Wisconsin Medical Center:
3 ‘Madison; Wisconsin

In a previous report (1) the operation-of:a.recently constructed
rectilinear scanner: for use in:the photon absorptiometric determination:
of bone mineral content was discussed. With: this scamner:‘an area of
15 cm x 15 cm can be scanned‘in .a raster:pattcrn with a:scanning speedi
of 2 mm/sec in the '"y-direction'. Stepping:increments in-the 'x-direction"
can be 0.71,.1.38,.2.71, 5:3890r:10%73 mn in:léngth at:a speed of 0.62 mm/sec.
The stepping motor can also be:operated:continuously-at either-0.62 or:
.1.25 mm/sec for bringing. the scanmer: to the desired scanning site. A
photo of the completed scanner is shown in Figure 1.

This report includes the mechanical drawings and electronic schematics
which were used to construct the scanner and the electronic control system.
A set of these drawings has also been sent to the Division of Technical.
Information of the U.S. Atomic Energy Commission. Also included in this.
report are some technical notes describing: those:drawings:and explgining
the details of construction and some suggestions for improvement of the
original system. * w

Construction Drawings: 1 ii

Figures 2 and 3 are isometric. projections of completed:sections. "
of the. scanmer: The support roller for the scanning assembly referred
to in Figure 3 was added to counteract the torque-loading of the ball-
bushings .due to:the detector assembly. This torque produced an unsteady
scanning motion, which was markedly improved by the addition of the .
support roller. 1Ir what follows that part of the scanner shown in
Figure 3 will be termed the: linear scanning system (LSS).

The scanner base plate is shown in Figure 4. The dowel pins
referred to were found to be unnecessary and were not used. Also shown
in Figure 4-is the lead screw.for: moving the LSS during the stepping
operation. The ends of the screw on each side:of the threaded section
were machined to mate with the ball-bearings used to support. the screw
in the scanner end:plates.

The LSS is supported by the lead screw and the guide rod, which
e fastened to the scanner end plates (Figure 5). Similarly the source
detector system moves along guide rods supported by the scanning
atform .end plates (Figure 6). Since this pair of guide rods must be
rallel as-well as the lead screw and -guide rod. supporting tne LSS,
th pairs of end plates must: be machined as a.set. The dowel pins
eferred to in these drawings were also found to be unneeessary.
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The carriers to which the LSS are attached are shown in Figures 7
‘and 8. The carrier in Figure 7 has been designed to house a 1/2-inch
I.D. ball-bushing, while that in Figure 8 houses the lead nuts (also
shown in Figure 8), which are threaded onto the lead screw and pressed
into the carrier. A similar set of carriers for the source and detector
system are drawn in Figure 9. These house 3/8-inch I.D. ball-bushings.

The platform which attaches the LSS to tht steppipg mechanism is
shown in Figure 10, The scan motor, drive belt pulleys, and idler are
also mounted on this plate. ;

Eiectrical Schematics

Figure 11 is the séhqnatic of the power supply for the scanner.
Since this is a hybrid control system consisting of relays, discrete
electronics, and 1ntegrated circuits, many voltage levels were required.

Automatic control of the scanning and stepping op;rations during
a measurement is achieved with the electronics diagrammed in Figures 12,
- 13, 14 and 15. The circled numbers, e.g: refer to the pin numbér on
the plug which connects the control systém to the scanner. Relays GR1
and GR2 are DPDT general relays with 5000 ohm coil resistanwe and 2.8 mADC
_activating current. Relays LR1, LR2, LR3 and LR4 are 6PDT latch relays
with latch coil resistance of 200 ohms and reset coil resistance of
275 ohms. The operating voltage of these. relays is 26.5 VDC.

: The truth table for the J-K flip-flops (Figure 12) 1s as follbvs (2):

t t

n n+l
S ¢ Q @
2 et
1 0 1 0
0" 1 g ¥
0 0

where t: is the time pefiod prior to the negative transition of the clock
pulse at T (tertiinal 2) and Q is the state of the Q output (terminal 10)
in the period t « In this application the flip-flops are operated with

the S and-C inputs grounded such that the Q output alternates between
1 and O after each negative transition of the clock pulse.

- The following is the sequence of operations that occurs assuming’
that the scanner is just completing a scan in the forward direction.

l. The scanner activates the Front Scan Limit Switches (PSLS)'I
and #2 (Figure 13).

a. FSLS 1 energizes the latch coil of LR1 reversing the
direction of the scan motor (Figure 14).

" b. FSLS #2 energizes GR1 which then energizes the latch
coil of LR2. ;



2. Contacts on LRZ ! NG

a. Remove the 110 VAC from the scanning motor and apply
DC for dynamic braking (Figure 14).

b. Remove the DC braking from the stepping motor and
apply 110 VAC (Figure 15). ;

c. Remove the 3 VDC from the C inpuc of the fllp-flops
enabling them to begin timing, clocked by the Schmitt
Trigger connected to the T input of the first flip-flop

- (Figure 12).

3. When the Q output of the flip-flop selected by the "Step-‘
Length" switch changes fron the 0 to the 1 state. CR2 is
energized (Figure 12).

4. GR2 enargizes the reset coil of LR2, thus reversing all
of the conditions 2stablished in step 2, resetting the Q
outputs of the flip-flops to the O state, and’ beginning
the next lidear scan in the tevetse direction.

-When the scanner contacts the Rear Scan Linit Switchel all of the
above operations are the same except that stated in la. In this
case it 's the reset coil of LR1 which is activated.

Suggested Improvements

"In the process of making this svstem operable it has become
apparent that the major improvement which could be made in the
existing control system is the replacement of the relays with 5
solid state switching devices. The transients produced ir the
coils and contacts of the relays interfered with the I.C. timing
circuit. Reliable operation has been obtained by connecting
capacitors across most of these coils and contacts to quiet their
operation. In the course of evolution of this control system GR1
and GR2 have become '"vestigial organs" in that they merely activate
other relays. These can (and will) be elininntld. 1nprov1ng the
noise prcblem somewhat. .

The versatility of the entire system could be significantly
enhanced by replacing the hysteresis synchronous motors used for
both scanning and stepping with step motors. These motors, with
their control systems, would increase the flexibility of the systea
by allowing a greater range of scanning speeds and stepping increments.
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