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Abstract: TRIZ refers to a methodology for systematic problem solving based on logic and data rather than
intuition. It also promotes the ability to solve problems creatively. Using TRIZ tools for problem solving such
as the cause and effect chain analysis, engineering contradiction and 40 inventive principles, a design solution
for a manual screwdriver was developed such that rotations in the counterclockwise directions were eliminated.
This allowed users to avoid using awkward wrist postures whenever attempting to unfasten screws with manual
screwdrivers. The ergonomic solution involves the use of the epicyclic gear train system, which allows the
exchange between the input and output among the gears in order to invert the counterclockwise torque
direction to a clockwise torque direction. The clockwise directional screwdriver potentially improves the
twisting force and axial push force produced on the screwdriver handle such that clockwise torque can be used
efficiently to both fasten and unfasten screws while avoiding counterclockwise torque, which can lead to
unnatural hand postures and force generation beyond the user’s maximum torque capacity. Eventually, this new
product can reduce domestic household or industrial injuries and enhance human performance.
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INTRODUCTION However, similar to the concept of opening jars and

Hand torque exertions are required for many activities difficult to manually unfasten/remove a screw with a
of work, daily living and recreation. Activities and tasks screwdriver as compared to manually fastening/tightening
such as joining or removing threaded or non-threaded the screw. Hence, the problem statement can be
parts, using hand tools or controls and turning doorknobs formulated as:
may appear to be trivial, but in actual fact, they can also
be physically challenging. In particular, it has been shown Problem Statement: It is Difficult to Manually Unfasten
that bottles and jars require opening torques that are a Screw with a Screwdriver: Based on the above problem
often higher than people’s maximum torque capabilities statement, the aim of this study is to design an innovative
and result in injuries requiring hospital treatment [1]. solution involving the manual screwdriver using the

In many cases, grip force is applied to produce inventive principles of TRIZ.
enough torque to prevent objects from rotating in the
hand - for example, twisting the handle of a screwdriver Literature Review: Hand torque can be applied in two
[2]. A manual screwdriver is a tool for turning (driving or directions  namely  clockwise and counterclockwise
removing)  screws  based  solely  on  a manual handgrip. torque directions. The clockwise torque direction is
A typical simple screwdriver has a handle  and  a  shaft defined  as  the   twisting   movement   of  the hand
and a tip that the user inserts into the screw head to turn towards the inner forearm direction, whereas the
it. In order to fasten a screw, the screwdriver is turned in counterclockwise torque direction is defined as the
a clockwise direction. Conversely, it is turned in a twisting movement of the hand towards the outer forearm
counterclockwise direction to unfasten the screw. direction [1, 3].

bottles [1], it appears that users often  find  it  more
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There are many tools and devices that allow Theory of Inventive Problem Solving (TRIZ): TRIZ
clockwise and counterclockwise rotational manipulations (Teoriya Resheniya Izobreatatelskikh Zadach) is a
manipulation [4]. One of such devices includes the manual Russian acronym for the “Theory of Inventive Problem
screwdriver, where clockwise torque direction is applied Solving”. TRIZ, a theory invented by G. S. Altshuller and
in order to fasten screws and counterclockwise torque his colleagues between 1946 and 1985, is a problem
direction is applied in order to unfasten screws. solving method based on logic and data (not intuition)

Clockwise and Counterclockwise Torque Directions: problems creatively [10]. It provides repeatability,
Despite technological advancements in many manual- predictability and reliability due to its structure and
related industrial tasks, hands and fingers are still primary algorithmic approach. It is an international science of
tools for high precision manual work and are often used creativity that relies on the study of the patterns of
to pinch, grip and manipulate objects such as fasteners, problems and solutions and not on the spontaneous and
clips and electronic components. The use of hands and intuitive creativity of individuals or groups [11].
fingers are common even in a simple manual activity such
as twisting the handle of a screwdriver [1, 2, 5]. Methodology: The methodology chosen to solve the
Nonetheless, awkwardly positioned and high-force pinch current issue at hand and develop an innovative solution
grips can cause injuries and cumulative trauma disorders to the issue is known as TRIZ. This methodology was
[6]. High-force pinch grips cause fatigue, discomfort and selected because of its efficacy in problem solving
injury to the hand in industrial populations [5]. compared to common creativity tools which are normally

Some studies have shown that applying hand turning limited to brainstorming and methods which depend on
movements in both clockwise and counterclockwise intuition and  the  experience  of  project team members
directions  may  incite  significant  differences  in  torque [10, 11]. These common methods are characteristically
[1, 7]. Hand grip force is found to be related with torque described to be psychologically based with unpredictable
direction, as clockwise torque could produce higher and unrepeatable results. The following sections include
torque than counterclockwise torque according to the explanations on the TRIZ process flow, engineering
study of Armstrong, et al. [8]. LaStayo and Hartzel [9] system, cause and effect chain analyses, engineering
also  claim  that  the grip force of the hand is different contradiction, inventive principles and proposed solution.
when the wrist is in motion or static. Seo, et al. [1] argue TRIZ process flow There are 2 tools used in the
that maximum clockwise torque is 45% greater than finding of solution, which are Cause and Effect Chain
maximum counterclockwise torque and suggest that Analysis and Engineering Contradiction. After the
rotation tasks and equipment should be designed for formulation of the engineering contradiction statement,
clockwise torque applications for increased efficiency, the contradiction matrix and 40 inventive principles of
reduced fatigue and reduced risks of musculoskeletal TRIZ are referenced. Through the sets of tools involved,
disorders. solutions generated are both simple and elegant to use.

The aforementioned literature clearly alludes to the Figure 1 shows the overview of TRIZ processes that are
fact that clockwise torque directions are more preferable involved in the solving of the problem. 
when it comes to rotational manual tasks in order to
preserve strength, increase contact and reduce risks of Engineering System: These elements (or components)
hand injuries. However, not all tasks can fully continually influence one another (directly or indirectly)
accommodate clockwise torque directions. A manual to maintain their activity and the existence of the system,
screwdriver for instance also needs to utilise in order to achieve the common purpose (or function) of
counterclockwise torque directions in order to unfasten the system. Components within the system (Engineering
screws and this can still lead to injuries and long-term System) are called as sub-system.  The super-system
musculoskeletal disorders. Although the manual components contain elements that influence the system
screwdriver is already a stable and mature product in the (but were not designed as part of the system) [10].  The
market, there is still a possibility to innovate its structure details for the engineering system of a manual screwdriver
and design such that it can be more accommodating for are shown in Table 1. An example of a typical screwdriver
clockwise torque directions. and its sub-systems is shown in Figure 2.

which accelerates the project team’s ability to solve these



Middle-East J. Sci. Res., 24 (2): 372-378, 2016

374

Fig. 1: TRIZ process flow

Fig. 2: A typical screwdriver

Fig. 3: Root cause analyses

Table 1: Sub-system and super-system of the screwdriver

Sub-system Super-system

Handle Hand
Shaft Screw
Tip

Cause and Effect Chain Analysis: A cause and effect
chain analysis was done in order to identify the root
cause behind the problem defined in the previous section.
Figure 3 shows the root cause analysis conducted for the
problem statement which states that it is difficult to
manually unfasten a screw with a screwdriver.

Based on the root cause analyses, it can be difficult
to unfasten a screw manually because the wrong tool is
being used. This reason however would be centred

towards the user’s ability and the amount or training
he/she requires. Besides that, it can also be difficult to
unfasten a screw manually if the user is tired. This can be
due to repetitive work or lack of rest. Nonetheless, these
reasons are occupational-related factors that are mediated
by work schedules and personal choices.

Limited work space can also cause the manual
unfastening of a screw to be difficult. Even so, it would
not be practical to alter or redesign the workplace design
to accommodate an appropriate work space just so that
the user can unfasten the screw efficiently.

The aforementioned factors are excluded as potential
root causes to the problem. However, in the product-
centred viewpoint, it may be difficult to unfasten the
screw  because  it  is  difficult  to  operate  the screwdriver.
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Table 2: System parameters

Parameter No. Parameter Characteristic

32 Ease of manufacture Improving
33 Ease of operation Worsening

This is because the hand would be in an unnatural
posture when the screwdriver is being twisted
counterclockwise. Ostensibly, a counterclockwise rotation
is required to unfasten a screw. Hence, the root cause to
the problem is counterclockwise rotations are needed to
unfasten screws.

Engineering Contradiction: Upon the identification of the
root cause, an engineering contradiction statement is
developed. The root cause was identified as the
counterclockwise rotation used to unfasten screws. Based
on this circumstance, it is understood that any basic
manual screwdriver could be used to perform the task.
Since the basic manual screwdriver is a simple and
established product, the manufacturability is viable.

However, it becomes difficult to operate the
screwdriver in a counterclockwise direction. This is
because in a counterclockwise direction, the grip forces
are concentrated on the fingertips since the middle and
proximal phalanges tend to lift off as the distal
interphalangeal joint rotates, thus reducing the total
contact area [1, 7, 12].

When contact area is reduced, the grip force
generated would also reduce, causing the user to fail in
performing the counterclockwise function (with normal
strength) or to forcibly twist the screwdriver in the
counterclockwise direction to complete the task
(overexerted strength). With the identification of the root
cause, the responding variables are identified to form the
engineering contradiction:

If counterclockwise rotations are needed to unfasten
screws,
then any basic manual screwdriver can be used
(manufacturability viable), 
but it would be difficult to operate the screwdriver in a
counterclockwise direction (operability worsens).

Contradiction Matrix: The responding variables
identified in the statements of the engineering
contradiction's second and third line point out to two
specific parameters out of the 39 system parameters
identified in the TRIZ manual [10]. These parameters (both
improving and worsening parameters) are identified in
Table 2.

Fig. 4: Rotation of all gear members in epicyclic gear
train system

The contradiction matrix is used to identify the
inventive principles [10]. When cross-referencing the
system parameter numbers within the contradiction matrix,
4 inventive principles (out of 40 principles) were identified
as the guideline to approach the solution to the problem:

2: Taking out
5: Merging
13: The other way around
16: Partial or excessive action

After brainstorming for a solution based on the 4
inventive principles identified, the researchers of this
study decided to utilise 2 of the identified inventive
principles  and develop a potentially viable solution.
Table 3 shows the selected inventive principles along
with the proposed actions and reasoning with regard to
solving the problem.

The 3 members (components) in the eplicyclic gear
train are the shaft, handle and carrier handle. Figure 4
shows the star arrangement where ring is the input, sun is
the output, with a restriction of the carrier fix. The carrier
fix causes the planet gears to be fixed at the current
position and this makes the planet gears act as idle gears
for the purpose of changing the rotation direction of the
output gear. The sun gear rotates in the counterclockwise
direction to drive the planet gears in the same direction
and finally yield a clockwise direction on the ring gear.

By imagining the sun gear as the shaft of a
screwdriver and ring gear as the handle, manipulating the
rotation of the ring gear will produce an opposite
rotational direction of the sun gear, which meets the
objective of the new screwdriver solution screwdriver. By
exchanging the input and output of the gears, a new
screwdriver design is born.
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Table 3: Proposed actions and reasoning using selected inventive principles

Principle Proposed Actions Reasoning

5: Merging Combining an epicyclic gear train within the screwdriver The epicyclic gear train system is necessary to change the orientation

in order to obtain the desired clockwise function. of the screwdriver so that the user can focus on manipulating it in just

one direction. this is because the skin friction produced by twisting an

object in a clockwise direction can flex the distal phalanges and increase

the normal force and torque [1, 3, 12].

13: The other way around Inverting the counterclockwise direction to a clockwise The clockwise direction is given the emphasis because the clockwise

direction, so that the screwdriver loosens the screw torque direction produces 45% greater thrusts than counterclockwise torque

using a clockwise direction rather than a direction and rotation tasks should be designed for clockwise torque

counterclockwise direction. applications for increased efficiency, reduced fatigue and reduced risks

of musculoskeletal disorders [1, 3, 8].

RESULTS AND DISCUSSION

Based on the proposed solutions via the inventive
principles, the clockwise directional screwdriver design is
born. In the clockwise directional screwdriver design
makes use of the star arrangement for the gear train Fig. 5: Cross sectional view of assembly of components
elements, where the carrier is fixed, while the sun and ring
act as the respective input and output. Since the desired
output of the clockwise directional screwdriver is the
shaft with the handle as the input, the star arrangement
for this design includes the carrier fix, sun as the output
and ring as the input.

Figure 5 shows the assembly of the clockwise Fig. 6: Operations of the screwdriver based on different
directional  screwdriver  with  different  colourings to handle ends
show the separate components. Figure 6 shows the
operations of the screwdriver based on different handle
ends.

The clockwise directional screwdriver serves for 2
common operations,  namely  tightening  and  loosening.
A common screwdriver would tighten screws using
clockwise direction and loosen screws using
counterclockwise direction. The unique feature of this
clockwise directional screwdriver is that it uses the
clockwise direction of torque for both tightening and
loosening operations. There are two slots at both ends of Fig. 7: The rotational direction of the mechanism
the handle, where one is for the tightening operation and
the other for the loosening operation. Cost Estimation: Table 4 shows the bill of materials

For the tightening operation, the shaft is slot into the involved for the clockwise directional screwdriver. The
handle and the sun gear will be secured by the ring gear breakdown of the cost for the product material is shown
build on the handle to give a same rotational direction in Table 5. Based on this table, the lower range cost
between the shaft and handle. Hence, the tightening (cheaper cost) for this product is estimated at USD 2.02
operation simply involves turning the handle in a (RM 8.50) while the upper range cost (expensive cost) for
clockwise direction so that the shaft follows the same this product is estimated at USD 2.45 (RM 10.30).
direction. For the loosening operation, the shaft is slot Hence, if workmanship was taken into account for
into another end of the handle and the handle is rotated this clockwise directional screwdriver, it would be
the same way as in the tightening operation (clockwise). reasonable to price this product at about USD 12 (RM 50).
The shaft will turn the opposite way (Figure 7). In  order to penetrate the market for domestic use, perhaps
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Table 4: Bill of materials

No. Parts Description Quantity Materials
1 Shaft One make with sun gear 1 S2 tool steel, Chrome Vanadium Steel
2 Handle One make with ring gear 1 Aluminium, Chrome Vanadium Steel
3 Carrier Handle One make with Carrier 1 Aluminium, Chrome Vanadium Steel
4 Planet Gears To be assembly on carrier handle 3 Nylon 6/6, Acetal
5 Bearing 686ZZ and 6802ZZ ball bearing 2 -
6 Handle Rubber Adhere on handle outer layer 1 Thermoplastic rubber, Polypropylene

Table 5: Cost of product material
Parts Materials Quantity Mass (g) Cost (USD$/g) Cost (USD$)
Shaft S2 Tool Steel 1 35.89 0.002756 0.09891

Chrome Vanadium Steel 35.86 0.001653 0.05928
Handle Aluminium 1 101.34 0.001740 0.17633

Chrome Vanadium Steel 295.01 0.001653 0.48765
Carrier Handle Aluminium 1 23.56 0.001740 0.04099

Chrome Vanadium Steel 68.57 0.001653 0.11335
Planet Gear Nylon 6/6 3 0.15 0.004200 0.00189

Acetal 0.20 0.002670 0.00160
Bearing 686ZZ ball bearing 1 - 0.750000/pcs 0.75000
Bearing 6802ZZ Ball Bearing 1 - 0.995000/pcs 0.99500
Handle Rubber Thermoplastic Rubber - - 0.008000 -

Polypropylene 0.001378 -
LOWER RANGE COST (USD$/RM) 2.0232/8.50
UPPER RANGE COST (USD$/RM) 2.4468/10.28

this cost could be lowered to about USD 8.50 (RM 35) The innovative design of this clockwise directional
depending on  the  price   of   the   workmanship
involved. All in all, the clockwise directional screwdriver
is indeed a low cost product solution for day-to-day
problems and is estimated to cost much less than RM100
or US$30.

CONCLUSION

This study aimed to design an innovative solution
involving the manual screwdriver using the inventive
principles of TRIZ. The TRIZ tools that were used
included the cause and effect chain analyses and
engineering contradiction, which lead to the use of the
TRIZ contradiction matrix and 40 inventive principles of
TRIZ. As a results, the solution proposed was a clockwise
directional screwdriver which changes the output of a
clockwise rotation to a counterclockwise rotation in order
to facilitate the clockwise torque direction movement by
the hand.

screwdriver potentially improves the twisting force and
axial push force that can be produced on the screwdriver
handle by a day-to-day consumer of a given strength. It
is a product designed uniquely so that consumers can use
clockwise torque during axial pushing and turning to
efficiently fasten and unfasten screws while avoiding
counterclockwise torque which leads to unnatural hand
postures and force generation beyond the user’s
maximum torque capacity. Eventually, this new product
can potentially reduce domestic household injuries and
improve human performance.
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