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PRODUCT DEVELOPMENT STRATEGIES FOR ROCKET MOTOR DEVELOPMENT - A STUDY ON COST AND
TIME COMPRESSION STRATEGIES

A. LAXMI
ASST. PROFESSOR
DEPARTMENT OF MANAGEMENT
SHANTHA INSTITUTE OF PG COLLEGE
HUZURABAD

SURESH CHANDRA.CH
RESEARCH SCHOLAR
DEPARTMENT OF COMMERCE & MANAGEMENT
KAKATIYA UNIVERSITY
WARANGAL

The product development has significance influence on the value of the finished product. Inadequate project planning and evaluation prior to product
development compels the project to work with many bottlenecks, which have adverse impact on customer satisfaction when the product is delivered to the users.
The product development strategies which involve the different levels of flexibility in project planning, for achieving, saving in project cost and time frame. The
present paper focuses on the emerging trends in DRDO India and its cost and time compression strategies in the development of rocket Motor Development. The
study further investigates on the opinions of the product development teams working with different levels of flexibility in pre-project planning, for achieving
savings in project cost and time frame.

KEYWORDS

Cost and Time Compression, Defence Research & Development Organisation (DRDO), Pre-project, Rocket Motor.

INTRODUCTION
he present global environment has created huge challenges to industrial manufacturers such as fluctuating market conditions, aggressive competition,
pricing pressures and rising costs for the raw materials. The highly differentiated products to market cost — effectively and with in compressed time
frames are some of the other challenges for the manufacturers. The product development has achieved significance importance in the bringing the
quality by standardizing and reusing proven components and assemblies. The present study will evaluate the cost and time compression strategies for rocket
development at DRDO, Jagdalpur.

CONCEPTUAL OVERVIEW OF COST AND TIME

The cost and time has close relation. The project’s time of completion and its cost has a relationship. For some types of costs, the relationship is in direct
proportion; for other types, there is a direct trade-off. Because of these two types of costs, there is an optimal project pace for minimal cost. By understanding
the time-cost relationship, one is better able to predict the impact of schedule change on project cost.

COMPRESSION

Compressing or crashing the project schedule refers to the acceleration of the project activities in order to complete the project sooner. The time required to
complete a project is determined by the critical path, so to compress a project schedule to focus on critical path activities.

A procedure for determining the optimal project time is to determine the normal completion time for each critical path activity and a crash time. The crash time
is the shortest time in which an activity can be completed. The direct costs then are calculated for the normal and crash times of each activity.

PRODUCT DEVELOPMENT STRATEGIES

Product development strategies help in the process of designing, creating and marketing an idea or product. The product can either be one that is new to the
market place or one that is new to the particular company, or, an existing product that has been improved. All product development goes through a similar
planning process.

BRIEF REVIEW ON ROCKET MOTOR PRODUCT

Rocket is a mechanism or a device or an engine by means of which required payload is delivered to the destination. The forward force to the rocket is imparted
by the reaction to momentum of ejected matter called “Propellant” which is castled inside the rocket chamber. Hence, the propellant can be defined as the
energy generating material contained inside the rocket motor, which undergoes combustion at a desired rate, producing low molecular weight gas molecular.
These molecules are ejected out of the nozzle at high velocity and the reaction enforce imparts forward motion to the rocket motor.

Rocket Motor is work horse for any Missile. Rocket is a device or an engine by means of which required payload is delivered to the destination. Rocket Motor is
the energy generating system. Product development process is generally based on product idea and concept evolved before project decision. Missile and
rocket Motor development started in India as early as 1963. After 20 years of technology growth, in 1983 the Missile development required for armed forces
was taken up. This includes the critical technology development, product development, manufacturing process development identification of production
agencies, establishment of critical production facilities, technology transfer and finally production.

NEED FOR THE STUDY

The need for this research study is that the product developed by the study shall meet the quantity and mass production requirements with reference to the
time schedules and automation systems that are state-of-art in nature. Compression or crashing the project schedule helps for the acceleration of the project
activities in order to complete the project sooner. The procedure for determining the optimal project time is to determine the normal completion. This study
supports all the strategies in the development of the product and problems in setting up, cost and time related concerns. The study further helps the different
managerial grade persons to understand the importance of time and cost compression strategies.
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REVIEW OF LITERATURE

The select review on the literature survey is given below.

Namita singh and Alok Saklani (2001), in their study “Flexible project planning as a key success strategy for product Development for Dynamic Market
Environment” presented that the product development process is generally based on product idea and concept evolved before project decision.  The study
revealed that well-defined product concept, and proper planning will give fruitful results in production process.

Bruce Pollack-Johnson and Matthew. J. Liberatore (2001), in their study “Incorporating quality considerations into Project time/Cost tradeoff analysis and
decision making” explained about the existing models and methods of project scheduling implicitly assumes uniform quality when evaluating time/cost
tradeoffs, but do not model quality explicitly.

B.J. Zirger and Janet L. Hartley (2001), have studied “The effect of Acceleration Techniques on Product Development time”. In this study they explained about
bringing new products to the market place faster has become a strategic imperative in many markets, especially high technology industries. Much attention has
focused on techniques purported to bring products to the market, more quickly, but little empirical research has been conducted to validate these techniques.
Tzvi Raz, Aaron j. Shenhar and Dov Dvir (2007), have studied “risk management, project success, and technological uncertainty”. In their study they stated that
in time of increased competition and globalization, project success becomes even more critical to business performance, and yet many projects still delays,
overruns, and even failure. In their paper, they presented the results of a n empirical study devoted to this project success.

OBJECTIVES OF THE STUDY

The present study will focus on the following objectives.

1. Tostudy the profile of DRDO rocket Motor India with special reference to DRDO Jagdalpur.

2 To analyze the Time-cost compression approaches used for the DRDO, Jagdalpur unit.

3. To analyze the perceptions of employees of DRDO on the product development/cost & time compression
4 To conclude and suggest based on the analysis of the study.

PROFILE OF DRDO, JAGDALPUR

Defence Research & Development Organisation (DRDO) established in 1958. The estimated budget is of US $1.18 billion in 2006. It has got a network of 5t2
laboratories, arranged under 10 technical directorates. Around 500 scientists and about 250000 other scientific, technical and support personnel are working
for DRDO. At present DRDO is headed by Dr.V.K. Saraswat, SA to RM, Secretary, Department of Defence R & D and supported by 7 chief controllers. DRDO is
working for the project which includes:

. LCA — Light combat Aircraft

. UAV — Unmanned Aerial vehicle

. EW - Electronic Warfare Gadgets

. Radars

. Tanks and Armored Vehicles

. Small arms, artillery systems and ammunitions

. Torpedoes

. Sonars

. Missiles IGMDP

. Brahmos — Privatization

DRDO Research & Development Organization is engaged in developing indigenous knowledge and technology to look after the needs of defense forces of India.
It is well known that almost all the areas of technology development are interdisciplinary in nature for which specialists belong to different specialties like
engineering, Physics, chemistry, Biology and their sub-specialties need to interact in a constructive and cohesive manner. DRDO, Jagdalpur has achieved a
remarkable success in developing Rocket Motors in India. The Central Government of India is conducting various developmental programmes to cater to the
needs of Defence and research studies, that are playing a vital role in recognition of the nation in the world scenario with its all round performance. In the
present scenario, the name of any nation will be highlighted with its domestic technology in research and Defence activities. Both of these fields are directly
linked with the rocket motors. There is also one more institutions in India that is involved in product ion of rocket motors for space applications. Hence, the
present paper focuses on the examination of cost and time compression strategies in Product Development at DRDO, Jagdalpur.

DRDO Jagdalpur unit develops the Rocket Motors of Various capacities at SF Complex, Jagdalpur. At Jagdalpur, the following facilities are used to carryout the
processing and statistic testing of solid rocket motors. They are:

1.  Pre process facilities

Process facilities (mixing, casting and premix storage, quality control laboratory)

Post process facilities

Transit storage facility

BEM motor processing facility

CAD Center

Static Test Facility

NowuhkwnN

TIME —COST COMPRESSION APPROACHES USED IN DRDO, JAGDALPUR

Compression or crashing the project schedule refers to the acceleration of the project activities in order to complete the project sooner. The procedure for
determining the optimal project time is to determine the normal completion

There are 7 alternative approaches used for time-cost compression for DRDO, Jagdalpur unit. They are:

APPROACH -1

In this approach, generally work ‘expands’ to fill-up al the time avail for it. Available work always covers the working time leading to no scope for other works.
Open-ended time approach consumes little more time than what is absolutely necessary. If targets are not clear then work is delayed an activities are taken
lightly. Time compression is a work culture or a mind-set for targeting each and every activity for minimizing the time taken to complete the activity, as per the
required quality standard without cutting corners.

Here the proper planning plays important role to ensure the apt completion of activity and related activities so that delays are minimized.

APPROACH 2

It covers advance pre-project planning, work execution, project review, monitoring & coordination, leadership & motivation, and also re-engineering of work
systems/procedures/policies. Check list for each of above activities helps to review the status and take the corrective action in advance. It is similar to zero-
based budgeting approach, and aims at examining every activity/requirement and attempting to minimize the time involved. Working on each activity and
completing in time helps in controlling the project as planned. Itis a ‘holistic management’ approach, employing many best practices. Here the proved practices
and systems that have given returns in terms of project execution prove to be time compression strategy.
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APPROACH 3

Like six sigma approach for zero-defect policy, it is also based on zero-tolerance regarding ‘time wastages’ or consuming more time. Each activity planned shall
be completed within the specified period so that as a whole for bunch of activities the time wasted is within tolerance. Like ‘six-sigma, | is also based on
organization wise re-engineering of mind-se, work culture, and redesign of work processes & procedures.

APPROACH 4

In-depth understanding of customers’ requirements & preferences are done in this approach. Extensive competitors’ analysis, technology Otrend analysis,
managing environmental dynamics, core-technology groups, outsourcing are the key considerations in this approach.

APPROACH 5

Encouraging risk-taking & innovation, empowerment & decentralization, use of cross-functional product teams, tough projectOreview, forward look monitoring
& coordination, incentives for early completion, design for quality, design for manufacture , real-time transfer of technology and proper documentation at all
stages are the key strategies in this approach.

APPROACH 6

Flexibility in design & technology, flexibility in product development processes, watch environmental dynamics, design & establish proper knowledge networks
among various teams are the key considerations in this approach.

APPROACH 7

Using technology enabled tools, techniques and systems, product design with a mark-up on the users requirements, high degree of interaction with users
through-out the project work, adopting quality systems, using effective inter-team & internal team communication, optimizing the workOstress and creating
happy teams, effective diversity management and enforcing accountability for timeliness are the key strategies applied in this approach.

APPROACH 8

This particular approach is used for optimum process sequencing for smooth transition from product development to production of rocket motor. Production
planning and preparations were conducted throughout development phase to identify production requirements and to resolve difficulties before production
begins to achieve quality product. Unique Technology Transfer mechanism is also another key strategy of this approach.

| SSN 2231-5756

ANALYSIS OF THE STUDY

The detailed analysis on the opinion of the sample respondents are given below.

A). SAMPLE OF THE STUDY

The research study has been conducted on the select sample respondents working in DRDO, Jagdalpur. The size of 200 is selected from the various levels in
DRDO, Jagdalpur. The details are as follows.

TABLE NO. 1
Department Administrative | Personal | Finance | Technical | Production | Total
Top Management 8(20.0) 2(5.0) 10(25.0) | 12(30.0) 8(20.0) 40(100.0)
Middle Management | 12(20) 4(6.7) 10(16.7) | 26(43.3) 8(26.6) 60(100.0)
Lower Management 24(24.0) - 22(22.0) | 34(34.0) 20(20.0) 100 (100.0)
Total 44(22.0) 6(3.0) 42(21.0) | 72(36.0) 72(18.0) 200(100.0)

Source: Field Survey
From the sample study, it is to observe that majority of the respondents are from the Technical and Production Departments. And the Lower Management
respondents are more compared to the other levels selected fro the research study.
B). ANALYSIS ON THE OPINION OF SAMPLE RESPONDENTS
1). OPINION ON “VISIBILITY ON THE TOTAL DESIGNED COST DETERMINES THE PRODUCT COST AND TIME CONSTRAINTS”

TABLE NO. 2

S.No. | Variables Top management | Middle Management | Lower Management | Total

1 Not at all True 8(20.0) 10(16.7) Q4(14.0) 32(16.0)
2 Rarely True 8(20.0) 16(26.7) 28*28.0) 52(26.0)
3 Sometimes true 10(25.0) 10(16.7) 18(18.0) 38(19.0)
4 Mostly True 4(10.0) 16(26.7) 16(16.0) 36(18.0)
5 Almost always True | 10(25.0) 8(13.3) 24(24.0) 42(21.0)

Total 40(100.0) 60(100.0) 100(100.0) 200(100.0)

Source: Field Survey
The table analyzes the response of the sample employees working in top, medium and low management levels regarding the visibility on the total designed cost
determine the product cost and time constraints. Among the employees, majority group opined the statement is almost always true (25.0%), mostly true
(10.0%) and some times true (25.0%). From the total employees in the middle management, 26.7% felt the statement is mostly true, 13.3% said almost always
true and 16.7 % opined sometimes true. Out of the lower management sample employees 24% opined almost always true, 16% said mostly true and 18% said

some times true about the statement.
11). OPINION ON “VISIBILITY ON THE TOTAL DESIGNED COST DETERMINE THE PRODUCT COST AND TIME CONSTRAINTS”

TABLE NO. 3

S.No. | Variables Top management | Middle Management | Lower Management | Total

1 Not at all True 4 (20.0) 10(16.7) 14(14.0) 32(16.0)
2 Rarely True 8(20.0) 16(26.7) 28(28.0) 52(26.0)
3 Sometimes true 10 (25.0) 10(16.7) 18(18.0) 38(19.0)
4 Mostly True 4(10.0) 16(26.7) 16(16.0) 36(18.0)
5 Almost always True | 10(25.0) 8(13.3) 24(24.0) 42(21.0)

Total 40(100.0) 60(100.0) 100(100.0) 200(100.0)

Source: Field Survey
The table analyses the response of the sample employees working in top, medium and low management levels regarding the visibility on the total designed cost
determine the product cost and time constraints. Along the total employees working in top management, majority group opined the statement is almost always
true (25.0%), mostly true (10.0%) and some times true (25.0%). From the total employees in the middle management, 26.7% felt the statement is mostly true,
13.3% said almost always true and 16.7% opined sometimes true. Out of the lower management sample employees, 24% opined almost always true, 16% said
mostly true and 18% said some times true about the statement.
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111). OPINION ON “DESIGN ENGINEERS CAN EVALUATE THE IMPACT OF DESIGN CHANGES ON DIRECT MATERIALS COSTS, ENGINEERING DESIGN COSTS AND
MANUFACTURING COSTS

TABLE NO. 4

S.No. | Variables Top management | Middle Management | Lower Management | Total

1 Not at all True - - 2(2.0) 2(1.0)

2 Rarely True 8(20.0) 6(10.0) 12(12.0) 26(13.0)
3 Sometimes true 2(5.0) 6(10.0) 10(10.0) 18*9.0)

4 Mostly True - 22(36.7) 34(34.0) 56(28.0)
5 Almost always True | 30(75.0) 26(43.3) 42(42.0) 98(49.0)

Total 40(100.0) 60(100.0) 100(100.0) 200(100.0)

Source: Field Survey
The responses of the sample employees working in top, medium and low management levels on the statement that design engineers can evaluate the impact of
design changes on direct materials costs, engineering design costs and manufacturing costs. Regarding the total employees working in top management,
majority group (75.0%) opined that direct materials costs, engineering design costs and manufacturing costs mostly evaluated by design engineers is true. From
the total employees in the middle management, 43.35 said the above statement is almost always true, 36.7% said mostly true and 10% observed sometimes
true. In the lower management sample employees, 42% said almost always true, 34% said mostly true and 10% said some times true regarding the statement.
1V). OPINION ON “COST REDUCTION IDEAS THAT WOULD BOOST PROFITS, CT LOSSES AND IMPROVE PRODUCTIVITY FOR MANUFACTURING UNITS”

TABLE NO. 5

S.No. | Variables Top management | Middle Management | Lower Management | Total

1 Not at all True 8(20.0) 10(16.7) 20(20.0) 38(19.0)
2 Rarely True 6(15.0) 20(33.3) 20(20.0) 46(23.0)
3 Sometimes true 2(5.0) 10(16.7) 18(18.0) 30(15.0)
4 Mostly True 12(30.0) 16(26.7) 24(24.0) 52(26.0)
5 Almost always True | 12(30.0) 4(6.7) 18(18.0) 34(17.0)

Total 40(100.0) 60(100.0) 100(100.0) 200(100.0)

Source: Field Survey
The table explains the opinion of the sample employees working in top, medium and low management levels on the cost reduction ideas would boost profits, cut
losses and improve productivity for manufacturing units. From the total employees working in top management, 30.0% each group said the statement is mostly
true and almost always true. Out of the total employees in the middle management, 6.7% said almost always true, 26.7 % said mostly true and 16.7% said some
times true regarding the above statement. Among the lower management sample employees, 24% opined the statement is mostly true, 18% said almost always
true and 18% said some times true.
V). OPINION ON “PRODUCT DEVELOPMENT TEAMS WORKING WITH DIFFERENT LEVELS OF FLEXIBILITY IN PRE-PROJECT PLANNING TO ACHIEVE SAVINGS IN
PROJECT COST AND TIME FRAME”

TABLE NO. 6
S.No. | Variables Top management | Middle Management | Lower Management | Total
1 Not at all True 4(10.0) 4(6.7) 10(10.0) 18(9.0)
2 Rarely True 2(5.0) 4(6.7) 14(14.0) 20(10.0)
3 Sometimes true 2(5.0) 8(13.3) 8(8.0) 18(9.0)
4 Mostly True 26(65.0) 38(63.3) 56(56.0) 120(60.0)
5 Almost always True | 6(15.0) 6(10.0) 12(12.0) 24(12.0
Total 40(100.0) 60(100.0) 100(100.0) 200(100.0)

Source: Field Survey

The response on the statement ‘Product development teams working with different levels of flexibility in pre-project planning to achieve savings in project cost
and timeframe’ by the sample respondents working in the above three levels of management is presented in the above table. Among the total employees
working in top management majority group (65.0%) openly said the statement is mostly true followed by almost always true(15.0%). Regarding the employees
in the middle management also more than sixty percent (63.3%) opined the statement is mostly true, 10.0% said almost always true and 13.3% said sometimes
true. Moreover, in the lower management sample employees, 56% said mostly true, 12% said almost always true and 8% said sometimes true regarding the
statement.

VI). OPINION ON “TO GAIN COMPETITIVE ADVANTAGE, IT IS REQUIRED TO DELIVER HIGHLY QUALITY PRODUCT AT LOWER COST AND WITHIN COMMITTED
TIME FRAME”

TABLE NO. 7

S.No. | Variables Top management | Middle Management | Lower Management | Total

1 Not at all True 2(5.0) 6(10.0) 10(10.0) 18(9.0)

2 Rarely True 14(35.0) 4(6.7) 22(22.0) 40(20.0)
3 Sometimes true 4(10.0) 12(20.0) 14(14.0) 30(15.0)
4 Mostly True 14(35.0) 30(50.0) 42(42.0) 86(43.0)
5 Almost always True | 6(15.0) 8(13.3) 12(12.0) 26(13.0)

Total 40(100.0) 60(100.0) 100(100.0) 200(100.0)

Source: Field Survey
The table analyses the opinion of the total employees working top, middle and lower management regarding the statement ‘to gain competitive advantage, it is
required to deliver high quality product at lower cost and within committed time frame’. From the total employees working in top management, a major group
(35.0%) expressed the statement is mostly true followed by almost always true (15.0%) and some times true (10.0%). Among the total employees in the middle
management, fifty percent opined the statement is mostly true, 13.0% said almost always true and 20% said some times true. Out of the lower management
sample employees, 42% felt the statement is mostly true, 14% said sometimes true and 12% said almost always true.
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VII). OPINION ON “TIME PLAYS A SIGNIFICANT ROLE IN PRODUCTION MANAGEMENT”

TABLE NO. 8
S.No. | Variables Top management | Middle Management | Lower Management | Total
1 Not at all True 2(5.0) 6(10.0) 2(2.0) 10(5.0)
2 Rarely True 2(5.0) 2(3.3) 12(12.0) 16(8.0)
3 Sometimes true 8(20.0) 4(6.7) 12(12.0) 24(2.0)
4 Mostly True 20(50.0) 32(53.3) 60(60.0) 112(56.0)
5 Almost always True | 8(20.0) 16(26.7) 14(14.0) 38(19.0)
Total 40(100.0) 60(100.0) 100(100.0) 200(100.0)

Source: Field Survey
The response of the sample employees working in top , medium and low management levels on the significant role played by the time in production
management. Out of the total employees’ work-in in top management, fifty percent opined that time plays a significant role in production management is
mostly true and from the remaining 20% each said almost always true and some times true. In the middle management level, 53.3% of the employees
responded time plays a significant role in production management is mostly true and from the remaining 26.7% agreed it is almost always true. From lower
management sample employees, sixty percent felt the statement is mostly true, 14% said almost always true and 12% said some times true.

VIil). OPINION ON “COST AND TIME INTERLINKED WITH EACH OTHER. IF ONE INCREASES, OTHER DECREASE IN PLANNED MANAGEMENT”

TABLE NO.9

S.No. | Variables Top management | Middle Management | Lower Management | Total

1 Not at all True 6(15.0) 10(16.7) 10(10.0) 26(13.0)
2 Rarely True 6(15.0) 10(16.7) 18(18.0) 34(17.0)
3 Sometimes true 10(25.0) 10(16.7) 24(24.0) 44(22.0)
4 Mostly True 2(5.0) 10(16.7) 26(26.0) 38(19.0)
5 Almost always True | 8(40.0) 10(33.2) 22(22.0) 29(29.0)

Total 40(100.0) 60(100.0) 100(100.0) 200(100.0)

Source: Field Survey
The table explains about the opinion on the linkage between cost and time in planned management by the employees working in top, middle and lower
management. Out of the total employees in the top management level, majority group (40%) responded almost always true that there is a relation between
cost and time in planned management, and from the remaining 255 said some times true and 5% said mostly true. Regarding the total employees in the middle
management, 33.2% felt the statement is almost always true and 16.7% each said sometimes true and mostly true. Regarding the lower management sample
employees, 26% said mostly true, 24% said some times true and 22% expressed that the statement is almost always true.

CONCLUSIONS

Product development strategy provides the framework to orient a company’s development projects as well as its development process. To develop a good

product development strategy, the company must determine its primary strategic orientation. From the sample survey and analysis on various questions

pertaining to time and cost compression strategies, the following conclusions are made.

1.  The analysis on “visibility on the total designed cost determine the product cost and time constraints” revealed that the top, middle and low management
levels, majority of the employees positively responded towards the visibility on the total designed cost determine the product cost and time constraints,
where middle management employees comparatively less than others.

2. The analysis on “visibility on the total designed cost determine the product cost and time constraints” revealed that in top , middle and low management
levels, majority of the employees positively responded towards the visibility on the total designed cost determine the product cost and time constraints,
where middle management employees comparatively less than others.

3. The analysis on “Design engineers can evaluate the impact of design changes on direct materials costs, engineering design costs and manufacturing costs”
revealed that most of the employees in all the three management levels agreed that design engineers can evaluate the impact of design changes on direct
materials costs, engineering design costs and manufacturing costs.

4.  The analysis on “Cost reduction ideas that would boost profits, ct losses and improve productivity for manufacturing units” concluded that in the top
management majority group of employees opined that the cost reduction ideas that would boost profits, cut losses and improve productivity for
manufacturing units is mostly true and almost always true, where as in middle and lower management level employees not totally agreed with this.

5. The analysis on “Product development teams working with different levels of flexibility in pre-project planning to achieve savings in project cost and time
frame” concluded that most of the employees under top, middle and lower management levels positively responded that the product development teams
working with different levels of flexibility in pre-project planning to achieve savings in project cost and timeframe.

6.  The analysis on “to gain competitive advantage, it is required to deliver highly quality product at lower cost and within committed time frame” concluded
that a dominant group of employees in the top, middle and lower management levels more positive towards the statement “to gain competitive
advantage, it is required to deliver high quality product at lower cost and within committed time frame’.

7. The analysis on “Time plays a significant role in production management” revealed that in almost all the management levels, majority of the employees felt
time plays a significant role in production management is true.

8.  The analysis on “Cost and time interlinked with each other. If one increases, other decrease in planned management” revealed that most of the employees
in top, middle and lower management levels felt true regarding cost and time interlinked with each other. If one increase, other decrease in planned
management.
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