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ABSTRACT 

This report covers the technical effort performed as 
part of a NASA SBIR Phase I contract to Talandic Research 
Corporation (TRC). The entire effort was intended to exploit a 
novel torque converter invented by Ahmad Amjadi, for which a 
u.S. patent has been granted. The Phase I work consisted of 
design, fabrication and test of two working models of the Arnjadi 
Transmission as well as theoretical analysis to determine the 
limits of performance. Major emphasis of the Phase I work was 
on tool drivers. 

Two functioning units were designed and fabricated. 
The first unit consisted of five phases and the input and output 
shafts were parallel but not collinear. This model was used 
primarily for quantitative analysis of the operating 
characteristics of the device. In addition, a collinear model 
was constructed in a compact housing suited for a handheld tool 
application. These models allowed us to verify the most 
interesting features of the basic concept. These features are 
as follows: 

a. Automatic and rapid adjustment of the effective 
"gear ratio" in response to changes in the external torque 
requirements. 

b. Maintenance of the output torque on the load even 
at zero output velocity, without loading the input power source. 

c. Excellent isolation of input power source from the 
load even though they were direct machanically coupled. 

It was also found that the devices are apparently 
suited to certain types of tool driver applications, such as 
screwdrivers, nut drivers, and valve actuators, among others, as 
originally proposed. Robotics applications were evaluated and 
it was found that, while there are many potential applications 
for this torque converter that must still be explored, its use 
for robotic actuators does not appear to provide sufficient 
advantages to warrant serious consideration. The models 
developed for this program allowed us to make a qualitative 
determination of basic device properties. However, we were 
unable to obtain sufficient quantitative information to draw 
final conclusions as to the commercial viability of this device 
in tools and robotics applications. 
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1.0 INTRODUCTION 

This report covers the technical effort performed as 

part of a NASA SBIR Phase I contract to Talandic Research 

Corporation (TRC). The entire effort was intended to exploit a 

novel torque converter invented by Ahmad Amjadi, for which a 

U.S. Patent (#4,188,831) has been granted. The Phase I work 
consisted of design, fabrication and test of two working models 

of the Amjadi Transmission as well as theoretical analysis to 

determine the limits of performance. Major emphasis of the 

Phase I work was on tool drivers. 

The Amjadi transmission is a mechanical torque 

converter which is unique in its properties and is ideal for a 

wide range of power transmission applications. It is capable of 

transmitting torque to a load over a continuously variable range 

of output velocities and with very high energy efficiency 
because it is direct mechanically coupled. No fluids or 
dissipative clutches are employed. In addition, the drive ratio 
between the input and output shafts can be manually adjusted or, 

alternatively, the drive ratio can be automatically adjusted to 

suit the torque demands of the load, even to zero output shaft 

velocity. Input shaft velocity can be maintained constant over 

a wide range of output velocities so that the power source is 

utilized in its most efficient manner. 

There is potential application of this device in 

vehicular, robotics and tool applications. 

which form the basis for this SBIR program. 

It is the latter two 
The property of 

maintaining maximum torque at zero output velocity and the 
ability to change drive ratios automatically suggests 
applications in robotics for lifting and gripping tasks and in 
power machinery where load varies widely. At zero output 
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velocity, there is effectively no power consumption and 

therefore, torque can be applied indefinitely with little input 

power consumption. Several different implementations of the 

basic concept are available depending on the application. 

In what follows, we detail our findings and summarize 

our conclusions as to the suitability of the Amjadi Transmission 

for the intended applications. We will conclude below that 

there are many positive opportunities to apply the unique 

properties of the Amjadi Transmission to both tool drivers and 

to robotics. However, these conclusions are sufficiently 

preliminary that additional work is required to determine the 

commercial feasibility of this approach. 

2.a PROGRAM GOALS AND OVERVIEW OF ACCOMPLISHMENTS 

The details of our technical approach and the work plan 

are extensively discussed in our Phase I proposal and will not 

be repeated here. The specific objectives of the Phase I 

research and development effort are summarized as follows: 

1. To develop miniaturized and better optimized 

transmission modules based on the subject invention. 

2. To implement the application of the transmission 

module to simple tools. 

3. To explore the materials issues for rendering the 
device structures more rugged. 

4. To investigate more efficient candidates for the 

mechanical "diodes" (or ratchets) which determine the direction 

of the energy coupling to the load. 
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3.9 DEVICE MODELING 

We have carried out modeling calculations to arrive at 
a better understanding of the operation of the Amjadi torque 

convertor for future design purposes. Although the basic device 
concept is relatively simple, detailed calculation of the 
operation of a multi-phase transmission turns out to be quite 
complex, particularly when kinetic and static frictional forces 
are taken into account. Still, much can be learned by examining 

some special cases. In this section, we report the results of 
some of the modeling calculations. 

3.1 Single-Phase Device 

We will analyze the case of a single-phase device in 
some detail and then summarize the extension to multi-phase 
devices. 
3.1.1 Basic Principles 

Referring to Fig. 3-1, we examine a motor shaft 

rotating at an angular velocity wM which is directly coupled to 
the load shaft by a one-way clutch, shown schematically by an 
internal ratchet mechanism. Rotation of the motor shaft will 
tend to stretch the spring and apply a torque, T, to the load, 
as given by 

, 

where rL is the radius of the pivot point on the load shaft 
(point B in Fig. 3-1), and F is the force generated in the 
spring. 
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to stretch. Instead, it will move the pivot point B as if the 

spring were replaced by a rigid rod. Load rotation velocity 
will at once change from near zero to a maximum value given by 

(4) 

Figs. 3-3(a) and 3-3(b) show how the load velocity, normalized 
to its value given in Equation 4, varies for different torque 
demands of the load. The periodic (pulsed) nature of this 
one-phase device is clearly seen. In a real device, the inertia 

of the load will significantly reduce the abruptness of the 

pulses, as well as lower the instantaneous peak values. 

Addition of more phases will also result in smoother operation. 

Since no energy loss mechanism due to the use of fluids 
or frictional clutches are present, a well-built device should 
be very energy efficient. The energy not delivered to the load 
will go back to the motor in the second half of each cycle. 
Moreover, the pulsed nature of the operation may be a useful 

feature for some tool drivers, such as impact wrenches. The 

peak instantaneous torque will always be limited by the spring 

force constant and the values of rM and rL' 

3.1.2 Torque and Velocity Control 

For the device described above, the (instantaneous) 
power from the motor, P, is delivered to the load in such a way 
that the output velocity is always maximized for the amount of 
output torque required. Therefore, when torque requirements go 
down, output velocity increases automatically, and vice versa: 

P = T • wL . (5) 

8 • 









l..C!AO SI-IA,::'r. 
CJA/G-WAyJ 

c!LUTC!1-i ..5P/2/AJ6_ 

Figure 3-4 Schematic diagram of a modified single-phase 
device such that the output torque and output 
velocity may be controlled individually_ 
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Figs. 3-8(a) and 3- 8(b) show the output velocity for a 
3-phase device for output torque requirements of 59 percent and 
99 percent of the maximum value that can be put out by one 
spring. Pulsed behavior is observed for high output torque 
demands. Again, a mass at the output will have a smoothing 
effect. At medium-to-low torque requirements (Fig. 3-8(a», the 
speed is rather smooth. Figure 3-9 shows the output velocity 
for a 5-phase device at 99 percent of the stalling torque. 

3.3 Output Characteristics 

Examination of the output characteristics of a simple 
N-phase device can be modeled to yield the relationships between 
the output torque, velocity, and average power. If the force 
constant of each of the springs is K, then it can be shown that 
the load frequency fL (in revolutions per second) is related to 
the motor frequency fM by the following relation 

(6) 

where N is the effective number of phases, and TL is the maximum 
instantaneous torque applied to the load. Equation 6 gives a 
relationship for a load line which can be used for designing 
devices for particular specifications, or determining the 
expected load frequency as a function of the torque. An example 
of such a curve is shown in Fig. 3-19. 

The effective number of phases N is related to the 
number of phases N. By integration of the area under the torque 
vs. angle (or time) curve, and comparing with a constant torque 
at the maximum value for one spring the effective number can be 
determined. To a good approximation, 

N = (9.32)N (7) 
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Figure 3-8(b) Normalized output velocity for a 3-phase 
device with the output torque requirements 
of 99% of the maximum (of one phase). 
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The average power delivered to the load can also be calculated 

from the torque T at which the springs stop stretching. Some 
simplifying assumptions lead to the following evaluation for the 
average power delivered to the load: 

puN' TL • wL [(Tr - 28'lt2Tr] (8 ) 

where 8'is the angle or time variable at the instant that the 
spring force becomes sufficient to move the load. The value ofE3' 
can be found from examination of plots showing the output 
velocity for a given TL (see Figs. 3-3,3-8, or 3-9). Fig. 3-11 

.shows the output torque in inch-ounces, versus the output 
frequency (in revolutions per second) for two values of average 
power (in Watts). For purposes of conversion, it may be useful 
to note that 1 ft - lb = 192 in-oz, and 1 in-oz/sec = B.BB? 
Watts. 
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4.e PROTOTYPE DEVICE DEVELOPMENT 

Fig. 4-1 shows a schematic drawing of the general 

concept for the off-axis version of Amjadi torque convertor. In 

this drawing, the device shown has 3-phases, but in general, any 
number of phases N can be employed. The fundamental 
characteristics of this version of the device are the following: 

a. The input shaft is a crankshaft with the angular 
separation of the cranks being 36e degrees/No 

b. The linkages between the input and output shafts 
are springs. 

c. One-way clutches on the output shaft deliver power 
to the load in N sequential phases. 

The prototype device that was designed and built for this 

program is similar to that shown in Fig. 4-1, except that it has 

five phases, the separation between the input and output shafts 
is adjustable, and it is equipped with return springs on the 
one-way clutches (see Fig. 3-4). Table 1 shows a summary of the 
nominal design specifications for this model, designated Model 
SFX. 

Figs. 4-2, 4-3, and 4-4 show photographs of the actual 
Model SFX test device. This device was evolved over a period of 
time. Its integral parts remained the same, but many of its 
peripheral features such as the return springs, mechanical 
couplings, and the particular drive springs (see Table 1) were 
changed. The actual layout was also changed to accommodate test 
instruments, a pulley at the output, and adjustment mechanism 
for the return springs. The test instruments included 
tachometers on the input and output shafts, and mechanical 
scales that were occasionally connected to test the tension in 
the springs. 
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Figure 4-1 
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Schematic drawing of the off-axis version of Amjadi torque 
convertor, showing the basic components. 
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Figure 4-2 Photograph of the test model 5FX showing the overall apparatus. 
The spring linkages, the output pulley, and the long adjustment 
screw for cntrolling the tension in the return springs can be 
seen. small handle on the upper left hand side is for 
changing the operating point of the drive springs by controlling 
the shaft separation. 
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Figure 4-3 Photograph of Device 5FX, showing the wrap-spring 
one-way clutches (seen around upper horizontal 
shaft). drive springs (the shorter set), and the 
return springs (the longer springs in front). 

Figure 4-4 Photograph of Model 5FX showing the adjustment 
screw for tilting a plane which controls tension 
in all five of the return springs. 
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TABLE 1 
DESIGN SPECIFICATIONS FOR MODEL 5FX 

PROTOTYPE TEST DEVICE 

NUMBER OF PHASES (N) 5 

DRIVE LINKAGES 

RETURN SPRINGS 

MOTOR DRIVE 

INPUT SHAFT 

OUTPUT SHAFT 

ONE-WAY CLUTCHES 

INPUT/OUTPUT 
SHAFT SEPARATION 

OUTPUT COUPLER 

OUTPUT TORQUE 

OUTPUT VELOCITY 

Extension springs 
Force Constant = 25 lb/in 
Length = 1.37 in 
Starting Force = 2 lbs 

Extension Springs: Tension for all 
can be adjusted with one adjustment 
screw 

Force constant = 1.25 lb/in 

DC motor with 50-to-one gear 
reduction 

Crankshaft (5 cranks): 
Crank radius = .218 in 

Directly driven by the one-way 
clutches. Pully Radius = 1.15 in. 

Wrap-Spring Clutches 
Maximum reverse torque = 1000+ in-lb 
Lever arm (r) = .55 in 

Adjustable (between 1.2 and 3.5 
inches) 

Adaptable to pulleys for fixed 
torques or to couplers for hookup 
to conventional tools 

Automatically determined (see Eq. 5) 
between near zero and a max. value. 
Maximum instantaneous torque can 
also be adjusted by the tension in 
the return springs (See Sections 
4.2.1 and 4.2.2) 

Average value automatically 
adjustable by the load torque 
requirements (see Eq. 5) between 
zero and a maximum value (See 
Section 4.2.1) 
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Since a properly hardened crankshaft was not available, 
a prototype unit was designed using disks and rods, and 
constructed. Its deficiencies became known near the end of the 
program after the device tests were extended to using stronger 
drive springs. 

4.1 Important Features of Model 5FX 

1. The main drive springs allow direct input/output 
coupling with automatic control of output-to-input gear ratios 
(see Figure 4-3). 

2. The device can operate indefinitely (if necessary) 
at zero output velocity, while maintaining a high torque on the 
load. 

3. Effective gear ratios vary continuously. 

4. Input-output shaft separation can be varied to 
accommodate different sets of drive springs, or to change the 

operating point of a given set. 

5. Return springs were later added which could reset 
the drive springs (see Fig. 4-3), and allow adjustments (see 
Fig. 4-4) of the applied output torque. 

The operation of the device was tested by applying different 
voltages to the drive motor, and simulating various load 
conditions by hanging weights from the pulley at the output. 
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4.2 Performance Tests on Model 5FX 

Operating characteristics of the 5-phase device were 
examined in terms of the output torque, velocity, dynamic range, 
power transfer, and independent torque control. It was found 

that the characteristics were in agreement with the general 
expectations based on the generic device properties. Device 
properties were also examined in connection with how they might 
be employed in tools or robotics, and what improvements would be 
needed to improve the device for such applications • 

. 4.2.1 Output Torque and Velocity Measurements 

The output shaft of the device was fitted with a pulley 

to allow fixed forces (torques) to be applied to the device load 

shaft. Fig. 4-5 shows plots of the output torque versus average 
output velocity for several motor voltages. As expected from 
the properties of such a device, where power flows through 
spring linkages, the output torque depends inversely on the 
(average) output velocity. The proportionality constant is the 

power being transferred, which in turn, depends on the power 

applied to the motor (see Eqations 5, and Fig. 3-11). 

Comparisons between modeling studies and the 
experimental results indicated close agreement in terms of the 

general behavior. For example, the load torque could be 
abruptly changed from low to high values, and the device would 
respond immediately by changing the effective gear ratios, i.e., 
the output velocity would decrease and the output torque would 
increase to match the load demand • 
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The response time of the device can be nearly 
instantaneous, so long as one of the drive springs is exerting a 
force onto the load at the instant that the load change is 
occurring, and the direction of the load change is such that it 

can be accommodated by the spring as the cycle proceeds. If the 
load conditions and the load change are such that an immediate 

response is not possible, the torque response will occur at the 
instant that the next drive spring begins to exert force on the 

load. In such cases, the response time has an upper bound of 

where fL is the frequency of rotation of the motor shaft, and N 
is the number of phases. Therefore, delayed response is likely 

to be observed with devices with few (i.e., N < 3) phases. For 
torque convertors with N = 3 phases or more, the response time 
is likely to be very short, and in any case, less than t. For 
Model SFX, for motor shaft rotation rate of 1 Hz, the response 

time is less than 9.1 sec, and in the majority of cases 
considerably below this value. Our experimental (qualitative) 
observations are in excellent agreement with this conclusion. 

We have discussed earlier (see Section 3.2) the fact 
that the output velocity of the torque convertor in some 
circumstances becomes pulsed. This occurs whenever the drive 
springs have to stretch to a large degree to move the load, such 
that the overlap of successive phases is lost. Then each drive 
spring essentially acts alone. The larger the number of phases, 
the larger the range of torques that can be handled before the 

output velocity changes from continuous to pulsed operation. In 
general, however, this torque convertor should be considered as 
a pulsed power transfer device. Fig. 4-6 shows the output 
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